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Now  Raytheon  offers  250-hour  life 
with  new  klystrons  for  50-101  kMc  range 


QKK  867  Klystron, 
slightly  onlargotf 
to  show 

construction  dotails. 
Actual  maiifflum 
dimonsion:  inchos. 


Raytheon  announces  five  new  reflex  klystrons  in  the 
50  kMc  to  101  kMc  frequency  band.  Featuring  smooth 
vernier  tuning,  these  integral-cavity  tubes  require  un¬ 
usually  low  voltages  and  can  be  operated  from  a  single 
power  supply.  They  are  designed  and  constructed 
to  withstand  vibration  of  10  G’s  (60  cps)  — and 


are  rated  by  Raytheon  for  250  hours  of  operation. 

Write  for  detailed  application  information  and  spe¬ 
cial  development  service  to:  Microwave  and  Power 
Tube  Division,  Raytheon  Company,  Waltham  54, 
Massachusetts.  In  Canada:  Waterloo,  Ontario. 


TYPICAL  OPERATING  CHARACTERISTICS 


QKK863 

thru  QKK866  QKK867 
1400V  1700V 

40ma  50ma 

40-400mW  15-40mW 

- -100  to  -300V - 

- -1 50  V - 

- 2.5V - 

- 1.5A - 

- 10 - 


Anode  voltage 
Anode  current 
Power  output 
Reflector  voltage 
Focus  voltage 
Heater  voltage 
Heater  current 
Tuner  turns 
Power  output  (min)  25  mW  10  mW 


FREQUENCY  RANGE  IN  KMC 
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MICROWAVE  AND  POWER  TUBE  DIVISION 
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Chart  new  paths  in  printed  circuits  with  Panelyte^ 


As  new  uses  for  printed  circuits  are  developed,  and 
new,  more  demanding  designs  are  specified— count  on 
Panelyte  Copper-Clad  Laminates  for  consistently  su¬ 
perior  quality. 

At  present,  you  can  choose  from  a  wide  range  of  prop¬ 
erties  in  four  different  grades.  But  St.  Regis*  Panelyte 
is  working  to  perfect  structural  qualities  which  will 
meet  your  future  needs,  as  well. 

Whether  you’re  looking  for  better  machinability  and 
adhesion,  superior  chemical  resistance,  closer  thermal 


tolerances  or  any  special  combination  of  characteristics, 
bring  your  copper-clad  laminate  specifications  to 
Panelyte.  We  can  supply  Panelyte  in  the  following 
grades:  Paper  Phenolic  Base— XP,  XXP,  XXXP;  Glass 
Melamine— G5;  Glass  Silicone-G7;  Glass  Epoxy— GIO, 
Gll.  For  complete  infor¬ 
mation  and  the  address  of 
your  nearest  Panelyte  dis¬ 
tributor,  write  Dept.  EL- 
1216,St.  Regis  Paper  Co., 

150  E.  42nd  St.,  N.Y.,  N.Y. 


PANELYTE 
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Transistorized 
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•  Convection  cooled— no  internal  blowers 
to  wear  out. 

e  Guaranteed  for  a  full  5  years, 
e  Compact.  1,  2,  and  5  Amp  only  3'A"  high, 

10  Amp  7'*  high. 

e  Ambient  temperature  50°C. 
e  Excess  ambient  thermal  protection, 
e  Special,  high  purity  foil,  hermetically  sealed  long-life 
electrolytic  capacitors. 

•  Hermetically  sealed  transformer  designed  to  MIL-T-27A. 
e  Remote  sensing  and  DC  vernier. 


CONDENSED  DATA  ON  LT  SERIES 

LT  1095M  (with  meters)  0-32  VDC,  0-1  AMP  $315 
LT  2n95M  (with  meters)  0-32  V DC,  0-2  AMP  395 
LT  1095  (without  meters)  0-32  VDC,  0-1  AMP  285 
LT  2095  (without  meters)  0-32  VDC,  0-2  AMP  365 


CONDENSED  DATA  ON  l-A  SERIES 

LA  50-03AM  (with  meters)  0-34  VDC,  0-  5  AMP  $425 

LA  100-03AM  (with  meters)  0-34  VDC,  0-10  AMP  540 

LA  50-03A  (without  meters)  0-34  VDC,  0-  5  AMP  395 

LA100-03A  (without  meters)  0-34  VDC.  0-10  AMP  510 


MODEL 


VOLTAGE  BANDS 


MODEL 


VOLTAGE  STEPS 


LT  1095,  LT  1095M 
LT  2095,  LT  2095M 


0-8, 8-16, 16-24, 24-32 
0-8, 8-16, 16-24, 24-32 


LA  50-03A,  LA  50-03AM  —  2,  4,  8,  16  and  04  volt  vernier 
LA100-03A,  LA100-03AM  —  2.  4,  8,  16  and  0-4  volt  vernier 


R«9ulatiofi:  Line:  Better  than  0.15  per  cent  or  20  millivolts  (whichever 
is  greater).  For  input  variations  from  105-125  VAC.  Lead:  Better 
than  0.15  per  cent  or  20  millivolts  (whichever  is  greater).  For 
load  variations  from  0  to  full  load. 

AC  Input:  105-125  VAC,  50-400  CPS. 

Ripple  and  Noise:  Less  than  1  millivolt  rms. 

Ambient  Temperature:  50’C — continuous  duty. 

Remote  DC  Vernier:  Provision  for  remote  operation  of  DC  Vernier. 
Remote  Sensing:  Provision  is  made  for  remote  sensing  to  minimize 
effect  of  power  output  leads  on  DC  regulation,  output  impedance 
and  transient  response. 

Size: 

LT  1095  3%”  H  X  19"  W  X  14%"  D 
LT  2095  3%"  H  X  19"  W  X  14%"  D 


Regulation:  Line:  Better  than  0.15  per  cent  or  20  millivolts  (whichever 
is  greater).  For  input  variations  from  100-130  VAC.  Lood:  Better 
than  0.15  per  cent  or  20  millivolts  (whichever  is  greater).  For 
load  variations  from  0  to  full  load. 

AC  Input:  100-130  VAC,  60  ±  0.3  cycle.  This  frequency  band  amply 
covers  standard  commercial  power  lines  in  the  United  States 
and  Canada. 

Ripple  end  Neisa:  Less  than  1  millivolt  rms. 

Ambient  Temperature:  50*C — continuous  duty. 

Remote  DC  Vernier:  Provision  for  remote  operation  of  DC  Vernier. 

Remote  Sensing:  Provision  is  made  for  remote  sensing  to  minimize 
effect  of  power  output  leads  on  DC  regulation,  output  impedance 
and  transient  response. 

Site: 

LA  504)3A  3%"H  x  19"  W  x  14%"  D 
LA100-03A7"  Hxl9"Wxl4%"D 

LA  lift 
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CROSSTALK 


INFORMATION  CENTERS.  The  quest  for  knowledge  characterizes  the 
whole  history  of  man  and,  even  more,  the  history  of  science.  As  we  learn 
more,  we  need  to  know  more.  And  one  of  the  most  wasteful  activites  in 
which  man  can  engage  is  the  search  for  knowledge  which  has  already 
been  discovered. 

William  G.  Alexander  of  Ryan  Transdata  recently  told  a  meeting  of  the 
Armed  Forces  Communications  Electronics  Association  that  this  country 
spends  $1  billion  a  year  on  research  for  scientific  and  technological  infor¬ 
mation  that  is  already  available.  We  can’t  vouch  for  the  figure,  but  our 
own  experience  indicates  that  much  research  is  wasted  on  ground  that  has 
already  been  well  plowed. 

Partly  this  is  due  to  government  security  regulations;  the  services 
are  gradually  coming  to  see  this,  and  are  beginning  to  make  information 
available  when  the  need  to  know  clearly  exists.  Partly  the  waste  is  due  to 
corporate  security  measures  taken  to  guard  proprietary  data. 

Mr.  Alexander  wants  to  .see  the  establishment  of  information  centers 
that  would  make  scientific  information  available  to  people  who  need  it. 
He  points  out  that  if  the  duplication  of  re.search  effort  could  be  eliminated 
it  would  add  50,000  experienced  man-years  to  the  U.  S.  technological  effort. 
He  also  comments  that  the  Soviet  Union  has  set  up  a  global  network  that 
feeds  scientific  data  to  Moscow. 

We  like  Mr.  Alexander’s  idea,  and  we  agree  with  his  implicit  proposal 
that  the  federal  government,  having  done  so  much  to  keep  technological 
data  under  its  brass  hat,  should  be  among  the  first  to  di.s.seminate  it  to 
industry.  We  also  feel  that  the  scientific  societies  and  industrial  as.socia- 
tions  could  do  much  to  implement  the  free  e.\change  of  information. 

A  great  industrialist  once  said:  “When  you  lock  the  doors  of  the 
research  laboratory,  you  lock  out  far  more  information  than  you  lock  in.’’ 


Coming  In  Our  December  23  Is.sue 

LAST-HALF  INDEX.  As  an  authoritative  technical  and  industrial  journal. 
Electronics  publishes  hundreds  of  feature  articles  every  year.  Since  we  pride 
ourselves  in  the  fact  that  many  of  our  subscribers  find  this  material  not  only 
timely  but  useful  for  future  reference,  we  devote  considerable  effort  to  our 
index. 

Beginning  with  our  July  1  issue,  we  indexed  Electronics  articles  for  the 
first  half  of  1960.  Next  week’s  issue  contains  the  index  for  the  last  six  months 
of  1960.  You’ll  find  more  than  100  topic  headings  and  several  thousand  entries 
that  will  help  you  locate  specific  departmental  and  feature  articles  by  title, 
subject  or  author. 

SOLAR  POINTING  CONTROL.  Rocket-borne  instruments  for  solar  studies 
must  be  maintained  in  a  fixed  orientation  with  respect  to  the  sun.  A  control 
system  for  this  purpose  is  described  in  our  next  issue  by  C.  H.  Reynolds  of 
Geophysics  Research  Directorate  in  Bedford,  Mass.,  and  M.  Reisbeck  of  Ball 
Brothers  Research  Corp.  in  Boulder,  Colo.  Servo  system  uses  photodetectors 
to  position  the  nose  cone  containing  instruments  for  studying  solar  ultra¬ 
violet,  infrared  and  x-ray  spectra. 
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AU  UNITS  ACTUAL  SIZE 


HYRElfB 
DEPOSITED  CARBON  RESISTORS 
ARE  UNMATCHED  FOR 
PERFORMANCE 


★  ★★★★★★★★★★★★★★ 


★  ★  ★  ★  ★ 


HYREL®  FB  DEPOSITED  CARBON  RESISTORS 
are  hermetically  sealed  in  ceramic  jackets  against  moisture 
and  vapor... safely  protected  against  mechanical  abuse. 

The  Hyrel  FB  series  is  intended  for  applications  in  military,  commercial 
and  telephone  equipment  where  tong  life  under  high  humidity; 
small  size,  and  stability  of  electrical  characteristics  are  important. 

■r-  -  - 

WRITE  FOR  ENGINEERING  BULLETIN  7010B 

SPRAGUE  ELECTRIC  COMPANY 

as  STREET  •  NORTH 

Mad*  far  cxcacd  MIL-R-10509C  Spacificatlont 
•mAOUC  COMPONENTS 

CAPACITORS  ,  RESISTORS  ,  MAONETIC  COMPONENTS  TRANSISTORS  •  INTERFERENCE  FILTERS  •  PULSE  NETWORKS 
HlOH  TEMPERATURE  MAGNET  WIRE  «  CERAMIC-BASE  PRINTED  NETWORKS  •  PACKAGED  COMPONENT  ASSEMBLIES 


THE  MARK  Of  PLIABILITY 
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up  fo  160  strokes  per  minute 


Solid  Sound  correct  construction,  but  might  be 

quite  confusing. 

I  suppose  I  m  rendering  a  futile  ^  single-point  source  might  also 
protest  but  one  must  speak.  ^e  suggested  as  a  logical  opposite 

We  have  the  habit  in  this  indu.s-  stereophonic;  this  would  require 
try  of  coming  neologisms  and  mis-  ^ 

using  words  by  subjecting  them  to  fortunately,  acme  (which  also 
semantic  shift;  for  example,  we  say  ^ 

bmary  when  we  mean  dyadic  and  excellence  that  the  stereo- 

octal  when  we  mean  octonary,  and  do  not  wish  to  suggest, 

we  ve  coined  such  neologistic  hor-  probably  rules  out  acmi- 

rors  as  microminiaturization  and  acmatiphonic.  Anvwav, 

superheterodyne.  But  now  we  re  they’re  hard  to  pronounce, 
about  to  overstep  reason  and  begin  Piatyphonic-“dRt  sound” -not 
using  a  term-monophonic-m  a 

.sense  that  is  not  only  alien  to  the  uninteresting.  I 

word,  but  which  denies  it  its  neces-  _ _  ,,  ,  „  •  ..  .  . 

.  .  ,  ,  suggest  this  coinage,  if  it  s  not  too 

sarv  meaning  in  another  field.  r  i  •  i 

,  ,  ,  late;  I  also  implore  you,  as  an  ac- 

Binaural  and  monaural  were  ac-  „  ..  . 

, ,  ,  .  ,  ceptable  authority,  to  save  mono- 

ceptable  terms,  being  analogous  to  .  ..  •  •  i 

,  '  ,  ,  phonic  for  its  original  purpose, 

binocular  and  monoctdar  and  re-  .  us  u  •  *.  •  j  i  •  i 

-  .  ,  ,  .  .  which  IS  to  provide  a  logical  oppo- 

ferring  to  the  directional  duscrimi- 

nation  afforded  by  hearing  (or  see-  Melonas 

ing)  with  two  organs  as  compared  YORK 

with  the  lack  of  discrimination  pro¬ 
duced  by  using  only  one.  Both  We’re  overwhelmed  by  all  the 
terms  suddenly  seem  to  be  out  of  etymology!  Any  takers  for  platy- 

fashion.  Stereophonic  is  all  right;  phonic  sound?  Why  not  just  aban- 

it  is  an  analogous  extension  of  don  all  the  descriptive  terms  within 
stereoscopic,  and  means  “solid  five  years,  since  by  then  all  sound 
sound,”  which  is  to  say,  sound  with  systems  will  probably  be  stereo- 
three  dimensions.  phonic  high-fidelity  anyway.  Or  at 

Now  the  comparative  term  for  lea.st  they’ll  claim  to  be. 
sound  coming  from  a  single  source 
is  not  monophonic.  Monophonic 

means  one-voiced,  and  is  the  logical  Telemetering  Radiation  Data 
correlative  of  polyphonic,  a  musical  Ref.:  “Telemetering  Radiation 
term  describing  many-voiced  music  Data  by  Frequency  Variation,” 
such  as  Bach  and  his  contempora-  p  84,  Nov.  11  .  .  . 
ries  wrote.  Most  of  the  symphonic  I  have  to  bring  to  your  attention 
music  of  Berlioz  and  Tchaikovsky,  several  errors  .  .  . 
for  instance,  is  monophonic,  even  In  the  circuit  .shown  in  Fig.  IB, 
if  played  on  a  stereophonic  system,  the  resistance  should  be  marked 
The  logical  correlative  of  stereo-  10  M,  not  10  F.  On  p  84,  col.  3, 
phonic  should  use  a  root  comparing  lines  8-10  should  read  “The  de- 
to  .stereo-  (from  Greek  stereos,  crease  of  capacitance  through  vane 
meaning  solid,  three-dimensional) .  movement  produces  a  frequency  in- 
Platy-  (from  Greek  platys,  meaning  crea.se  .  .  .”  etc.,  not  “The  increase 
flat,  two-dimensional)  is  an  accept-  of  capacitance  .  .  .” 
able  scientific  root;  platyphonic  is  In  addition  .  .  .  there  is  the  omis- 
one  po.ssible  term.  sion  of  the  statement  distinctly 

If  we  want  to  suggest  a  two-  shown  on  the  title  page  of  the 
dimensional  .source,  we’d  introduce  original  paper  .sent  to  your  office 
a  confusion;  the  Greek  for  a /twe  is  that  the  work  was  done  at  Oak 
gramma  (literally,  a  thing  drawn  Ridge  National  Laboratory,  which 
or  written),  which  comes  from  is  operated  for  the  Atomic  Energy 
graphein,  to  write  or  draw.  The  Commission  by  Union  Carbide 
word  is  aLso  the  source  of  grammar.  Nuclear  Co.  As  you  will  know,  such 
and  is  rooted  in  other  words  sug-  a  statement  is  required  by  AEC  .  .  . 
ge.sting  writing  (telegram),  draw-  Hans  K.  Richards 

ing  (diagram),  and  so  forth.  Argonne  National  Laboratory 
Gramophone  already  uses  the  two  Argonne,  III. 


The  all  new  Di-Acro  Power 
Shear  No.  48  is  a  high  speed, 
high  production  machine. 

Material  capacity  is  14 
gauge  mild  steel  across  a  SO 
inch  blade  length.  Standard 
equipment  includes  a  mi¬ 
crometer  operated  ball 
bearing  back  gauge  grad¬ 
ated  in  .(X)l '.  This  back 
gauge  is  double  bracketed. 

An  optional  front  operated 
control  includes  a  counter 
with  direct  readings  in  both 
inches  and  thousandths. 

The  high-torque,  high- 
slip  totally  enclosed  motor 
of  the  Shear  drives  a  fly¬ 
wheel  with  a  built-in  self- 
adjusting  electric  clutch. 

Triple  V-belt  drive  is  quiet, 
gearless.  Because  the  elec¬ 
tric  clutch  engages  instant¬ 
ly  without  pausing  for  pins, 
splines  or  valves,  the  No. 

48  shears  at  up  to  160  strokes  per  minute 
on  single  cycling  .  .  .  ideal  for  use  in  con¬ 
veyor  and  run-out  lines.  An  adjustable  cam 
operated  brake  engages  only  at  the  top  of 
the  stroke — no  drag  to  wear  out  linings 
and  absorb  power. 

Inclined  ram  keeps  only  the  blade  edge 
in  contact  with  the  material  to  be  sheared. 
The  angle  of  the  blade  counteracts  thrust, 
keeps  the  blade  straight  and  reduces  force 
needed  to  shear  material.  It  also  permits 
the  use  of  easy-to-sharpen  straight  sided 
blades  which  can  be  rotated  to  use  all  four 
edges  for  shearing. 

The  hold-down  bar  operates  automati¬ 
cally  and  acts  both  as  a  safety  guard  and 
a  material  clamp.  Individually  spring  loaded 
feet  compensate  for  variations  in  material 
thickness  and  for  shorter  than  full  width 
sheets. 

Standard  equipment  includes  motor, 
automatic  hold-down,  micrometer  operated 
back  gauge,  front  gauge  bar  and  brackets, 
side  squaring  gauges,  reversible  protractor 
gauge,  one  set  of  alloy  tool  steel  four-edged 
blades,  and  a  movable  foot  trip  pedal. 

For  comploto  information  consult  tho  yollow  papas  of 

your  phono  book  undor  Machinery:  ^ _ 

Machine  Tools  for  the  name  of  your  0  n 

nearest  distributor  or  write  us. 

See  complete  Di-Acro  line  in 
Sweet’s  Machine  Tool  Catalog 

pronounced 

die>ock-ro 


keep*  only 
I  cen*«c*  wifK 
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•  Parallel  Operation 

•  Constant  Current# 


Remote  Sensing 
Remote  Programming 
Series  Operation 


•  Fully  Transistorized 

•  Low  Cost 


NJE  extends  its  widely  accepted  ZW'  QR  line  to  indude  the  SVa"  models. 


#Contact  factory  or  local  representative. 


*Whichever  is  greater. 

** Available  for  400  cps  operation. 

WRITE  TODAY  FOR  COMPtXTE  TECHNICAL  DATA 


CORPORATION 

20  Boriglit  Avemw  •  KewRwortt 

BR.  2-6000  •  TWX  Cranford.  NJ  51 
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Output 

Model  No. 

Input  Power 

Max. 

Ripple 

mv 

Static  Regulation  J 

Dimensions 

Approx; 

Weight 

Pounds 

Price 

jvolts  1 

Ampsj 

Volts 

Freq.** 

Load*  j 

Line*  j 

0  15 

0-20 

QR- 15-20 

105-125 

55-65 

±0.01  %  or  ±  1  mv 

±0.02%  or  ±0.5  mv 

5V4" 

19*  w  X  16%*  d 

60 

$585 

036 

0-10 

QR-36-10 

105-125 

55-65 

±0.01  %or±0.5mv 

±0.02%  or  ±0.5  mv 

60 

585 

QR  60-6 

105-125 

5565 

QQ 

±0.005%  or  ±0.5  mv 

±0.02%  or  ±0.5  mv 

60 

610 

0-10 

0-10 

QR-10-10 

105-125 

55-65 

1  RMS 

±0.005%  or  ±0.5  mv 

±0.02%  or  ±0.5  mv 

41 

485 

0-6 

QR-18-6 

105-125 

55-65 

1  RMS 

±0.005%  or  ±0.5  mv 

±0.02%  or  ±0.5  mv 

W 

41 

485 

0-4 

QR-36-4 

105-125 

55-65 

1  RMS 

±0.005%  or  ±0.5  mv 

±  0.02%  or  ±0.5  mv 

19*  w  X  16%*  d 

41 

485 

aeo 

0-2.5 

QR-60-2.5 

105-125 

55-65 

1  RMS 

_ 1 

±0.005%  or  ±0.5  mv 

±0.02%  or  ±0.5  mv 

41 

510 

I  f-1 


MAC  tjAim 


MAC  IJ^LLW 


Available  immediately  .  .  .  MAC  Panel’s 
new  plugboard  programming  systems  com¬ 
plete  with  lightweight  removable  plugboard 
and  complete  line  of  plugwires.  There 
are  six  systems  ranging  in  size  from 
160  contacts  to  5120.  mmmmKmmm 
All  economically  priced, 


From  MAC  Panel  Co. 


I  Rugged,  reliable,  time  proven  receiver  mechanism  I  Easy  plugboard  insertion  I  Inte¬ 
gral  door  for  flush  cabinet  mounting  I  Plugboards  silk-screened  to  order  and  printing 
then  baked  to  a  chip-proof  hardness  H  Single,  dual  and  dual  shielded  plugwires  in  num¬ 
erous  lengths  with  manual  or  fixed  tips  H  Plugwire  tips  and  contacts,  gold  or  nickel  plated 


J.  V.  Simone,  OEM  Division,  MAC  Panel  Co., 

124  College  St.,  High  Point,  North  Carolina 

I  am  intaraitad  in  your  Programming  Syatoms.  PloaM  sand  your  catalog. 


STREET. 
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ELECTRONICS 

Rash  of  New  Computers 
Expected  to  Come  Soon 

ON  THE  HEELS  of  the  demonstration 
in  Boston  last  week  of  the  first 
Honeywell  800,  you  can  reasonably 
expect  a  rash  of  new  computer  types 
to  enter  the  marketplace  within 
the  next  few  months.  Among  them ; 

Remington  Rand  Univac  will 
shortly  announce  three  new  systems 
ranging  in  size  from  small  to  large 
and  including  a  few  departures  in 
both  logic  and  hardware.  One  of  the 
systems  will  be  dubbed  a  realtime 
computer  and  will  stress  input-out¬ 
put  flexibility  for  industrial  uses. 
Another,  now  in  production  at  Rem- 
Rand’s  big  St.  Paul,  Minn.,  facility, 
is  a  system  assembled  from  the  best 
elements  of  several  systems  built 
previously  by  RemRand  for  gov¬ 
ernment  agencies  and  industry. 

Control  Data  Corp.  is  readying  a 
giant  computer  of  the  I.,arc-St reach 
class  for  probable  release  early  in 
the  Spring.  The  program  is  CDC’s 
major  engineering  effort  at  the  mo¬ 
ment.  Computer  will  sell  for  around 
$8-10  million. 

Missile  Cruisers  Get 
Three-Dimensional  Radar 

NAVY  and  Hughes  Aircraft  simul¬ 
taneously  announced  la.st  week  that 
radar  systems  capable  of  pinpoint¬ 
ing  supersonic  targets  in  range, 
bearing,  and  altitude  have  been  in¬ 
stalled  on  missile  cruisers  and  de¬ 
stroyers.  Further  details  w’ere  not 
available  as  Electronics  went  to 
press. 

Association  Acts 
To  Stem  Import  Tide 

ELECTRONIC  INDUSTRIES  ASSOCIA¬ 
TION’S  board  of  directors  has  em¬ 
barked  on  a  long-range  program  to 
combat  increased  imports  of  elec¬ 
tronic  products.  The  board  has  di¬ 
rected  the  Association’s  imports 
committee  to  figure  out  how  to  tell 
the  public  and  Congress  of  the 
“damaging  effects  of  foreign  com¬ 
petition.’’ 

Board  action  came  at  the  end  of 
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EIA’s  winter  conference  in  San 
Francisco  last  week.  The  confer¬ 
ence  also  approved  “in  principle’’  a 
proposal  to  improve  the  reliability 
of  electronic  components  used  in 
military  equipment,  and  authorized 
the  engineering  department  of  EIA 
to  join  the  Institute  of  Radio  En¬ 
gineers  in  financing  an  investiga¬ 
tion  of  space-communications  fre¬ 
quency  requirements  and  facilities 
for  the  Federal  Communications 
Commission. 

British  Produce 
Infrared  Vidicon 

VIDICON  tube  sensitive  to  both  in¬ 
frared  and  visible  light  is  now  be¬ 
ing  manufactured  commercially  by 
EMI  Electronics  of  England.  Tube 
is  of  standard  dimensions  and  will 
fit  an  ordinary  vidicon  pickup 
camera. 

EMI  figures  the  tube  will  be  use¬ 
ful  for  making  temperature  meas¬ 
urements.  Tube  can  see  an  object 
as  it  reaches  450  C,  at  which  tem¬ 
perature  the  object  would  just  be 
entering  the  region  of  visible  in¬ 
candescence.  With  ir  illumination 
from  an  external  source,  the  ir  vidi¬ 
con  could  be  used  for  burglar 
alarms  and  nocturnal  studies. 

EMI  has  also  developed  a  vidicon 
pickup  sensitive  to  ultraviolet  for 
use  in  getting  tv  pictures  from  an 
ultraviolet  microscope.  The  uv 
pickup  is  also  sensitive  to  visible 
light. 

Plan  Second  Center 
For  Space  Surveillance 

AIR  FORCE  is  training  new  special¬ 
ists  in  the  problems  of  space  sur¬ 
veillance  against  the  forthcoming 
establishment  of  a  second  space- 
surveillance  control  center.  The  sec¬ 
ond  center  will  be  used  by  Conti¬ 
nental  Air  Defense,  will  permit  the 
original  SSCC  at  Bedford,  Mass., 
to  go  back  to  work  on  R&D  prob¬ 
lems. 

Recent  symposium  of  Air  Re¬ 
search  &  Development  Command 
pointed  up  need  for  extensive  re¬ 
search  in  this  area.  Air  Force 


officers  stated  that  present  systems, 
using  angular  data  for  orbit  deter¬ 
minations,  are  restricted  to  low- 
altitude  satellites,  and  that  new 
techniques  using  range  or  range- 
rate  data  are  needed.  Systems  now 
in  use  have  not  always  been  able  to 
fix  orbits  of  USSR  satellites  on 
their  first  circuits,  have  sometimes 
produced  contradictory  orbit  calcu¬ 
lations.  would  be  confounded  by  si¬ 
multaneous  passage  of  more  than 
one  .satellite. 

U.  S  Industry  Employing 
800,000  Engineers,  Scientists 

PRELIMINARY  ESTIMATES  from  a  re¬ 
cent  government  survey  show’  that 
IJ.  S.  industry  employed  some  800,- 
000  scientists  and  engineers  in  Jan¬ 
uary  1960,  up  .seven  percent  over 
the  January  1959  figures.  Reliable 
projections  indicate  that  the  num¬ 
ber  stands  at  about  850,000.  Self- 
employed  engineers  and  some  small 
firms  were  not  included;  neither 
was  the  government. 

Survey  was  conducted  for  Na¬ 
tional  Science  Foundation  by  Bu¬ 
reau  of  Labor  Statistics,  used  a 
10,000-company  base.  Proportion¬ 
ate  increase  from  1959  to  1960  was 
greatest  for  physical  scientists;  nu¬ 
merical  increase  was  greatest  for 
engineers,  who  added  40,000  to 
their  ranks.  About  80  percent  of 
the  people  surveyed  were  engineers; 
of  the  .scienti.sts  remaining,  almost 
half  were  chemists.  Forty  percent 
of  total  surveyed  were  engaged  in 
R&D  activities  including  R&D  ad¬ 
ministration. 

Total  engineer  workforce  ( un- 
cla.ssified  by  type)  in  the  U.  S.  num¬ 
bered  656,300  in  January ;  total 
physical  scientists  numbered 
57,100. 

Soviet  Computer  Aids 
Aircraft,  Tool  Design 

ELECTRONIC  COMPUTER  designated 
the  MN-8  is  being  used  by  aircraft 
designers  in  the  Soviet  Union, 
judging  from  a  report  by  cyber¬ 
netician  A.  Prokhov  to  the  USSR 
Academy  of  Sciences.  The  com¬ 
puter  simulates  100  flight  variables 
in  all  reasonable  configurations  in 
seven  days,  where  normal  “design¬ 
ing  bureaus’’  would  take  .seven 
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months  to  work  out  .similar  desif^n 
problems  usin^  only  ten  variables. 

The  computer  can  also  be  used 
to  test  desigrns  for  surface  and  sub¬ 
surface  ships,  turbines,  and  ma¬ 
chine  tools. 

Plan  Joint  Action 
For  Space  Research 

INTERGOVERNMENTAL  Conference  on 
Space  Research,  meetinj?  in  Geneva 
at  the  end  of  November,  set  up  a 
commission  to  study  the  feasibility 
of  a  European  organization  for  co¬ 
operation  in  space  research.  Accord 
was  si$rned  by  nine  of  the  10  na¬ 
tions  invited  fBeljrium,  Denmark. 
France,  Italy,  the  Netherlands. 
Norway,  Sweden,  Switzerland  and 
the  United  Kingdom),  and  by 
Spain,  which  became  a  member 
state  during  the  conference.  Fed¬ 
eral  Republic  of  Germany  attended, 
but  its  delegation  was  not  empow¬ 
ered  to  sign.  The  European  organ¬ 
ization  hopes  to  begin  work  in 
about  a  year. 

Thermoelectric  Material 
Has  High  Efficiency 

GADOLINIUM  SELENIDE  elements  for 
thermoelectric  conversion  have 
demonstrated  conversion  efficien¬ 
cies  of  55  percent,  according  to 
Electronic  Materials  Corp.  of  Los 
Angeles.  Previously  announced  effi¬ 
ciencies  have  been  about  15  per¬ 
cent. 

Material  is  al.so  u.seful  as  a  high- 
temperature  semiconductor  and  an 
infrared  detector.  It  is  currently 
both  expensive  and  tedious  to  pro¬ 
duce,  is  in  about,  the  same  explora¬ 
tory  stage  as  silicon  and  german¬ 
ium  were  ten  years  ago.  Recent 
Navy  teats  show  that  it  is  quite 
stable,  doesn’t  easily  degenerate. 
A  single  ounce  of  high-quality 
gadolinium  selenide  heated  at  one 
end  to  800  C  is  said  to  be  capable 
of  producing  500  w. 

Facility  Will  Test 
Super-Power  Klystrons 

HIGH-POWER  tube  te.st  facility  will 
be  built  by  Levinthal  Electronic 
Products  in  Palo  Alto.  Calif.,  under 
$1.2-million  contract  from  Varian 
Associates.  Varian  needs  the  facil¬ 


ity  to  test  a  new  klystron,  now 
being  designed,  that  will  be  “far 
beyond”  the  present  state  of  the 
microwave  art.  The  klystron  is 
known  to  have  output  specifications 
exceeding  by  several  times  the 
power  output  of  the  klystron  u.sed 
in  the  ballistic-missile  early-warn¬ 
ing  system. 

Electronics  learns  that  the 
Levinthal  facility  will  al.so  be  used 
by  Sperry  on  that  company’s  super¬ 
power  klystron  project.  The  ad¬ 
vanced  oscillator  tubes  are  believed 
to  be  part  of  Project  Defender. 

Air  Force  Inveatigate.s 
Atmospheric  R-F  Ducts 

LONG-RANGE  radio  and  radar  trans¬ 
mission  by  natural  ducts  in  the  at¬ 
mosphere  is  being  investigated  by 
USAF’s  project  Tradewinds. 

The  project  gets  its  name  from 
the  fact  that  the  ducts  seem  to  oc¬ 
cur  in  the  trade-wind  belts,  where 
trades  of  one  temperature  gradient 
and  antitrades  of  another  set  up  be¬ 
tween  them  a  duct — a  sort  of  wave¬ 
guide — w’hose  w’alls  are  the  tem¬ 
perature  interfaces.  Experimental 
reception  of  radar  signals  by  air¬ 
craft  1,400  miles  apart  was  re¬ 
ported  recently  to  Air  Research  & 
Development  Command. 

Stable  O.scillator 
Uses  Rubidium 

OSCILLATOR  stable  to  one  part  in 
10'"^ — equivalent  to  a  shift  of  one 
second  in  700  years — will  be  pro¬ 
duced  by  Space  Technology  Labora¬ 
tory’s  new  products  division  start¬ 
ing  early  in  1961.  The  oscillator  is 
regulated  by  the  atomic  frequency 
of  rubidium,  is  said  to  be  accurate 
to  one  part  in  10*. 

Optically  pumped  rubidium  is  af¬ 
fected  neither  by  thickness  of  ma¬ 
terial  nor  by  environment,  will  hold 
.stable  for  two  or  more  years.  Out¬ 
put  frequencies  of  100  Kc  and  1 
and  5  Me  are  all  coherent.  Solid- 
state  device  weighs  30  lb,  will  cost 
$25,000. 

Consultant  Firm  Advances 
Enhanced  Radar  Theory 

THEORETICAL  STUDY  of  “enhanced- 
accuracy  radar”  has  been  turned 


over  to  the  Air  Force  by  General 
Atronics  Co..  Bala-Cynwyd,  Pa. 
The  consultant  firm  has  developed 
a  mathematical  demonstration  that 
comparatively  simple  signal  en¬ 
hancement  can  produce  an  echo 
from  which  direct  measurements 
can  be  made  of  speed,  acceleration, 
and  .spin  of  targets.  Proposed  sys¬ 
tem  would  be  applicable  to  existing 
radars,  could  be  applied  also  to 
sonar  and  pulsed  communications 
systems. 

Nature  of  the  enhancement  was 
not  disclosed.  Study  w'as  under¬ 
taken  for  the  signal-processing 
branch  of  USAF’s  Rome  Air  De¬ 
velopment  Center. 

Pentagon  I.s  Setting  Up 
Computer  “Shopping  List” 

DEFENSE  DEPARTMENT  is  turning 
over  the  recordkeeping  chore  for 
procurement  and  control  of  3.5  mil¬ 
lion  supply  items  to  a  computer 
system.  In  effect,  the  system  will 
hold  a  catalog  of  Pentagon’s  enor¬ 
mous  shopping  list. 

An  IBM705  at  the  Armed  Forces 
Supply  Support  Center  in  Washing¬ 
ton.  D.  C..  will  keep  the  records, 
providing  a  single  information 
source  for  control  of  the  Depart¬ 
ment’s  re.sources.  The  system  will 
let  service  users  know  what’s  in  the 
catalog,  who  uses  it  (for  burning 
off  excess  inventory),  and  who 
makes  it.  Equipment  can  handle 
100,000  individual  supply-manage¬ 
ment  actions  a  day.  A  communica¬ 
tions  system  using  teleprinter  line.s 
connects  the  center  to  35  inventory 
control  points  and  7  single-manager 
operating  agencies  around  the  coun¬ 
try. 

Home  Air-Cleaner  U.ses 
Two-Stage  Precipitation 

DOMESTIC  air-cleaner  unit  to  be  put 
on  the  market  by  Minneapolis- 
Hone.vwell  in  .lanuary  will  employ 
two  stages  of  precipitation,  com¬ 
monly  found  in  units  meant  for 
commercial  use.  Selenium  rectifiers 
and  a  leakage  transformer  main¬ 
tain  constant  voltage  on  electro¬ 
static  charging  and  collecting  ele¬ 
ments  in  the  precipitation  cell. 
M-H  says  the  unit  removes  70  to 
90  percent  of  airborne  dust,  is  de¬ 
signed  to  be  installed  in  forced-air 
heating  and  cooling  systems. 
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SPECIALISTS  IN  THE  3  C’s  OF  ELECTRONICS 


CABLES 

QDmplete  versatility  of  design  plus 
extra  reliability  characterize 
Bendix®  Cable  Assemblies.  Types 
include  encapsulated  or  braided 
missile  control  cable,  thermo¬ 
couple  harness,  fuel  cell,  ground 
cabling,  high  temperature,  and 
flat  conductor  cable. 


CAPACITORS 

Count  on  Bendix  High  Tempera¬ 
ture  Capacitors  for  premium 
performance  on  missile  and 
high-speed  aircraft  applications. 
Proved  operation  from  —  55°C.  to 
-|-400°C.  with  no  voltage  derating 
and  low  capacitance  variation. 


CONNECTORS 

Can  you  use  the  finest  electrical 
connectors  in  the  business?  Then 
try  ours.  Wide  range  of  sizes  and 
types  available,  including  Pygmy* 
Miniature,  Rack  and  Panel,  QWL, 
and  MS-R,  and  connectors  for 
special  applications. 
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Closed-Circuit  Television 
Trains  Mexican  Physicians 


MEXICO  CITY — Physicians  at  last 
week’s  Pan-American  Congress  of 
Public  Health  saw’  demonstrations 
of  the  latest  surgical  and  public 
health  techniques  here  over  closed 
television  circuit.  Last  month,  sim¬ 
ilar  presentations  w’ere  made  by 
closed  circuit  with  telecasts  beamed 
from  Mexico’s  Juarez  hospital. 
Among  treatments  observed  by  doc¬ 
tors  at  that  time  was  cessation  of 
tremors  in  a  patient  suffering  from 
Parkinson’s  disease  after  a  staff 
member  of  the  hospital’s  neurosur¬ 
gical  unit  made  a  chemical  injection 
into  the  patient’s  brain.  The  event 
was  viewed  on  a  15  x  20-ft  screen 
on  which  the  picture  was  beamed  by 
an  Eidophor  projector  (pictured). 
The  sessions  were  produced  by  Tele¬ 
talent  Inc.,  New  York,  in  coopera¬ 
tion  with  the  Mexican  Ministry  of 
Health,  and  sponsored  by  Ciba  de 
Mexico.  Bilingual  camera  crews 
were  used ;  telecast  was  narrated  in 
Spanish. 

Czech  Transmitter  Sold 
To  United  Arab  Republic 

DAMASCUS  —  Syrian  Broadcasting 
System  officials  have  signed  a  con¬ 
tract  with  KOVO,  Czechoslovakia’s 
foreign  trade  organization,  for  de¬ 
livery  of  a  medium-wave  2-by-150 
radio  transmitter  that  can  operate 
either  as  tw’o  units,  each  with  a 
power  output  of  150  Kw,  or  in  par¬ 
allel  at  300  Kw.  Manufactured  by 
Tesla,  the  equipment  resembles  sim¬ 
ilar  gear  sold  to  Egypt.  Czech 


sources  say  the  Syrians  will  also 
purchase  a  2-by-300  unit  for  later 
installation.  Sales  contract  calls  for 
delivery  within  seven  months  with 
payment  being  made  entirely  in 
Syrian  products. 

Rise  Noted  in  Swiss 
Television  Audience 

ZURICH — Survey  made  in  October 
show'ed  119,127  television  license 
holders  at  the  end  of  the  month,  of 
which  112,133  were  home  receivers 
and  6,994  were  for  public  establish¬ 
ments  and  institutions.  At  the  end 
of  September  Swiss  license  holders 
numbered  114,226.  Swiss  sources 
have  no  explanation  for  the  rise  of 
4,901  set  owners  within  the  30-day 
period. 

Indian  Government  Subsidizes 
Low-Cost  Radio  Receivers 

NEW  DELHI — Decision  to  popularize 
radio  listening  by  poorer  Indian 
masses  has  led  this  nation’s  govern¬ 
ment  to  increase  foreign-exchange 
allocations  to  any  radio  manufac¬ 
turer  w’ho  devotes  10  percent  of 
production  to  receivers  costing  $25 
or  less  (125  rupees).  For  every  five 
percent  of  production  of  the  low- 
cost  units,  manufacturers  will  be 
given  five  percent  additional  for¬ 
eign  exchange  to  import  compo¬ 
nents  and  raw  materials.  A  maxi¬ 
mum  production  of  20  percent  over 
and  above  the  initial  ten  percent  of 
low-cost  set  production  has  been  im- 
po.sed. 

First  sets  are  expected  to  be  on 
the  market  by  the  end  of  this  month 
or  early  in  January;  India  hopes  to 
produce  between  50,000  and  60,000 
during  1961. 

British  Firm  Develops 
Sonar  Receiver  for  Blind 

LONDON — Sonar-type  obstacle  de¬ 
tector  enabling  blind  people  to  de¬ 
tect  objects  including  small  steps 
and  sidewalk  curbs  up  to  20  ft  away 
was  shown  here  last  month.  The 
unit,  about  the  size  of  a  box  camera, 
emits  a  narrow  beam  of  high-fre¬ 


quency  .sound  which  bounces  off  ob¬ 
jects  in  its  path.  Called  the  Sondar 
Signal,  it  emits  the  sound  pulses  in 
bursts  of  50  to  100  per  second.  The 
pulse  is  modulated  at  about  10,000 
cps  to  make  it  audible.  The  emitter 
is  transistorized  and  operates  from 
a  dry  battery  or  storage  battery  of 
9  to  12  V.  Peak  output  on  bursts  is 
at  20  watts  with  an  average  bat¬ 
tery  drain  of  one  watt.  Valradio, 
Ltd.,  the  manufacturers,  say  pre¬ 
sent  units  are  prototypes  which  can 
be  made  smaller. 

Scots  Use  Underwater  Tv 
For  Loch  Inspections 

EDINBURGH — An  underw’ater  televi¬ 
sion  camera  will  be  used  for  re¬ 
search  into  fish  habits  and  hydraulic 
problems  in  Scottish  lochs.  Among 
other  things,  the  cameras  will  in¬ 
spect  .screens  on  the  huge  intakes  of 
hydroelectric  turbine  systems  that 
prevent  young  salmon  from  being 
swept  into  the  mechanisms.  The 
job  of  inspecting  the  screens  had 
been  previously  done  by  divers.  The 
camera  will  also  be  used  to  inspect 
tunnels  linking  dams  and  pow’er  sta¬ 
tions  according  to  the  Scotland 
Hydroelectric  Board.  Inspections  at 
depths  of  120  ft  have  already  been 
conducted  with  reports  that  tv 
monitors  allow  better  viewing  of 
conditions  than  divers  can  rely  on 
in  murky  water.  The  underwater 
camera  is  made  by  Marconi. 

Canada  Adopts  New 
Ground  Conductivity  Map 

OTTAWA — Officials  of  the  Depart¬ 
ment  of  Transport  have  adopted  a 
revised  map  of  ground  conductivi¬ 
ties  for  the  Dominion  effective  the 
first  of  next  month.  The  map  will 
supersede  appendix  H  to  the  North 
American  Regional  Broadcasting 
Agreement  signed  in  Washington. 
D.  C.,  in  1950.  It  will  be  used  in 
transborder  interference  calcula¬ 
tions  involving  Canada.  Copies  of 
the  new  map  may  be  bought  for 
$5.00  through  the  Director  of  the 
Telecommunications  &  Electronics 
Branch  of  the  Department  of 
Transport  in  Ottawa. 
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POWER  OUTPUt-WAtTS 


i  FROM  .2  WATT  TO  120  WATTS 
I  ...FROM  SMC  TO  225  MC 

a  a  PSI  POWER  AMPLIFIER 
I  FOR  EVERY  APPLICATION! 

This  Great  New  Line  of  Triple  Diffused  Silicon  Mesas  Provides 
a  Transistor  for  Almost  Every  Communications  Need! 
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I PREQU  ENCY- jA  EGAbyqi^ 


Designers  of  advanced  communications  equipment 
can  now  take  a  totally  new  approach  to  engineering 
of  high  performance  transmitters  in  power  and 
frequency  ranges  never  before  possible. 

A  PT5^,  for  example,  will  furnish  5  watts  RF 
power  output  at  30  me  (12  db  power  gain)  or  3  watts 
at  70  me  (8  db  power  gain).  It  is  the  only  silicon 
transistor  capable  of  driving  the  PSI  type  PT901 
power  amplifier  transistor  to  its  full  100  watts  output. 
The  new  2N1342  furnishes  a  substantial  amount  of 
power  for  the  designer  working  in  the  UHF  region 


. . .  200  mW  RF  output  at  225  me. 

There  are  lower  cost  oscillator  versions  of  the 
above  types,  too.  The  2N1505  performs  admirably 
in  a  circuit  where  you  don’t  need  the  high  gain 
characteristics  of  the  2N1506. 

Immediate  delivery  is  being  .made  on  evaluation 
quantities  of  types  PT&IO  and  PT901.  Large  quantity 
delivery  is  being  made  on  all  other  PSI  communi¬ 
cations  and  switching  transistors . . .  including  the 
remarkable  new  2N1^7  high  performance  switch. 


PHONE,  WIRE  OR  WRITE  ANY  PSI  SALES  OFFICE  FOR  FULL  DETAILS. 

}  Pacific  Semiconductors,  ha 

*  -'a  subsidiary  of  THOMPSON  RAMO  WOOLDRIDGE,  INC. 


12955  CHADRON  AVENUE  •  HAWTHORNE,  CALIFORNIA 

Facilities  in  Hawthorne,  Culver  City  and  Lawndale.  California 


a  TWX:  HAW  CAL  4270 


December  16,  1960 
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Tin  BA-7  is  the  heart  of  a  video  detector 
system  designed  prhnorily  for  r.  f.  crys¬ 
tals.  For  greater  versatility,  a  d.  c.  bkis- 
ing  dttvit  is  included  to  permit  use  of 
conventional  borretters,  requiring  a  d.  c. 
bias  between  0  ond  10  ma.  The  unit 
con  be  used  to  meosure  very  high  power 
rotios  such  as  occur  in  making  ontenna 
pattern  meosurements,  to  determine  the 
rejection  coefficients  of  r.  f.  filters,  and 
to  colibrate  attenuators.  It  has  a  wide 
dynamic  linear  range,  a  low  noise  level, 
and  0  wide  r.  f.  frequency  range  where 
video  crystal  mounts  ore  available. 


For  complete  specifications, 
write  for  Bulletin  No.  141. 
Weinichel  Fixed  Coaxial  Attenuators 
cover  the  frequency  range  of  DC  to 
12-4  KMC.  Write  for  complete  catalog, 
specifying  frequency 
range  of  interest. 


1  \  ^einscbel  Engi  iieeri  ug 

KENSINGTON,  MARYLAND 


WASHINGTON  OUTLOOK 


WIDESWEEPING  plan  to  reorganize  the  Defense  Department  has  been  sub¬ 
mitted  to  President-designate  Kennedy  by  a  committee  headed  by  Sen. 
Stuart  Symington  (D.,  Mo.).  In  essence,  the  plan  follows  proposals  laid 
out  in  a  bill  introduced  by  Symington  earlier  in  the  year. 

For  the  electronics  industry,  the  plan  would  mean  far  greater  cen¬ 
tralization  of  research,  engineering ,  procurement  and  production  in  the 
military  services.  The  plan  would  downgrade  the  roles  of  the  individual 
services  in  these  fields  (it  proposes  abolition  of  the  service  secretary¬ 
ships),  and  u'ould  proinde  more  unified  control  over  contracting  through 
a  new  Undersecretary  of  Defense  for  Weapons  Systems. 

Symington  claims  the  plan  would  cut  defense  costs  by  20  percent  and 
shorten  lead  times  on  weapons  systems  development  by  streamlining  the 
Pentagon’s  decisionmaking  machinery  and  by  minimizing  duplication  of 
effort.  The  plan  is  based  on  the  thesis  that  “there  is  no  longer  validity 
in  separating  (weapons  system)  development  and  production  cycles,” 
and  that  “rigid  distinctions”  between  R&D  and  production  organizations 
are  no  longer  needed. 


Measure  45  db  (r.  f.)  in  one 
step  using  a  maximum  of  1 
microwatt  r.  f.  power* 

*100*4  square  wave  modulated 
at  1000  cps  ±  .1  cps.  Observation 
time  approximately  45  seconds  for 
45  db;  only  .2  seconds  for  30  db. 


Bandwidth  variable 
from  2  to  IS  cps 
with  constant  gain 


U.  S.  TAX  COURT  trial  of  Boeing’s  appeal  from  a  renegotiation  board  ruling 
that  the  company  made  $9.8  million  in  excess  profits  (before  taxes)  in 
1952  will  resume  shortly  here.  The  case  is  the  largest  negotiation  appeal 
by  a  defense  contractor  ever  to  come  into  the  court,  and  puts  into  sharp 
public  focus  the  fundamental  issues  of  the  controversial  law.  The  trial 
has  dragged  on  for  more  than  three  years,  and  has  been  in  recess  for 
almost  two  years. 

A  U.  S.  District  Court  judge  has  just  submitted  a  final  ruling  on  Boe¬ 
ing’s  attempt  to  see  government  records  relating  to  the  case.  The  gov¬ 
ernment  had  fought  the  company’s  move,  arguing  that  such  papers  are 
protected  by  executive  pi'ivilege.  The  judge  supported  the  government’s 
claim  that  all  internal  documents  of  the  board  that  relate  to  the  decision¬ 
making  process  are  matters  of  executive  privilege.  But  he  ordered  the 
government  to  allow  Boeing  to  see  Air  Force  reports  to  the  board  on  the 
company’s  contract  performance. 

This  is  the  first  time  a  renegotiation  appellant  will  have  access  to 
official  papers.  Government  spokesmen,  however,  say  they  will  continue 
to  withhold  records  from  contractors  on  future  cases,  that  individual 
appellants  will  have  to  go  to  the  court  to  obtain  access  to  official  docu¬ 
ments  regarding  excessive  profit  determinations. 


NIKE  ZEUS  guidance  system  has  had  its  first  successful  test  firing.  In 
a  recent  experimental  launching,  the  Army  says  control  commands  were 
sent  to  the  missile  as  it  raced  through  the  sky.  The  missile  “responded 
to  them  successfully  to  perform  a  planned  drive  in  the  trajectory.” 
Western  Electric  is  Nike  Zeus  guidance  prime  contractor;  Lear  is  a  major 
subcontractor. 

But  while  the  Army  is  meeting  test  schedules  successfully,  it  has  failed 
once  again  to  get  Pentagon  approval  to  begin  production  of  major  missile 
components  prior  to  the  1962  full-scale  tests  at  Kwajalein. 


ALL  SPACE  EXPERIMENTS  from  now  on  will  use  136-137  Me  to  transmit  data 
back  to  earth.  National  Aeronautics  and  Space  Administration  has  added 
the  necessary  antennas  and  electronic  equipment  at  eight  of  its  Minitrack 
stations.  Dual  capability — on  both  108  Me  and  136-137  Me — is  being 
retained  to  accommodate  space  experiments  still  transmitting  on  108  Me. 

Reason  for  the  shift  is  that  the  108  Me  is  too  close  to  existing  television 
channels  and  interference  has  been  a  nuisance.  Space  use  of  108  Me  was 
approved  by  Federal  Communications  Commission  only  as  a  temporary 
measure  for  the  International  Geophysical  Year. 

NASA  expects  to  have  all  of  its  13  Minitrack  stations  converted  to 
the  new  frequency  by  next  May.  Cost  to  change  the  Minitrack  stations 
is  about  $250,000  apiece. 
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STANDARD  TYPfS  AND  RATINGS 


Oilicon  power  rectifiers  are  sensitive  to  transient  voltoge  spikes . . .  furthermore,  the  magnitude 
of  these  spikes  is  often  unpredictable — derating  of  rectifier  cells  doesn't  necessarily  prevent 
rectifier  breakdowni 

In  the  new  Surge  Protector,  CAPTIVOlTtm,  Vickers  has  combined  in  a  single  simple  component 
the  best  features  of  several  methods  of  voltage  surge  protection  .  .  .  Captivolts  provide 
rectifier  reliabilily,  ossure  extended  life,  and  eliminate  the  need  for  expensive  derating  of  costly 
rectifier  cells  .  .  .  yet,  the  Captivolt,  itself,  is  a  dependable  low-cost  unit  which  can  be  easily 
installed  by  simply  connecting  across  the  transformer  secondary  supplying  AC  to  the  rectifier. 
Captivolts  copture  and  absorb  unpredictable  surge  energy  up  to  3000  watts  with  0.05  micro¬ 
second  response. 

Under  normal  steady-state  operation,  the  Captivolt  Surge  Protector  appears  as  a  very  high 
resistance  shunted  by  capacitance.  The  capacitance  provides  rectifier  protection  by  absorbing 
very  fast  transient  wave-fronts.  When  o  critical  voltage  level  is  reached,  the  normal  high 
resistance  falls  abruptly  to  o  very  low  value  so  that  long-duration  destructive  voltage  transients 
are  shunted  —  resistance  decreases  almost  logarithmically  with  increase  in  voltage.  lUnder 
normal  operating  voltage,  the  high  resistance  of  the  Captivolt  Surge  Protector  consumes  less 
than  five  watts). 

In  summary,  Captivolt  Surge  Protectors  have  two  significant  virtues: 

They  provide  rectifier  reliabitity  and  extended  life  . .  • 

They  save  real  money  —  often  more  than  $50.00  initial  rectifier  cost  with  d 
Captivolt  cost  of  less  than  $3.00 . . . 

If  you  use  silicon  power  rectifiers,  be  positive  . . .  protect  with  CAPTIVOLTS.  For  more  Informa¬ 
tion  on  Captivolts,  call  our  nearest  Soles  Engineering  Office  or  write  US  direct. 

P.  S.  Captivolts  have  many  other  opplicalionsl  We  recommend  you  use  then  wherever  there  ts  a 
surge  suppression  need. 

ORDER  SAMPLES  TODAY  —  One  day  shipment 
(Bulletin  3135-1  available  upon  request) 

CPA  IISO-S 
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MSTANTANCOUS  VOITAOC 
VEtSUS  CURIENT  (AU  TYPES) 


VICKERS  INCORPORAnO 

DIVISION^  SPEPRY-RAND  CO^RATION 

0  lectricQ  roductsQ  ivision 

180 1  LOCUST  STREET  o  SAINT  LOUIS  3,  MISSOURI 
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DALLAS  WEPJ,  FLettwood  M837 
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SAN  FRANCISCO  IKFJ .  Diamond  2-7404 
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IIIEPJ,  JMson  1-4877 
BYRACuec  IREP3,  GPonile  4-4889 
LOS  ANGELAS,  SFruca  5-2461 
NEW  YORK  CITY,  Unno*  9-I5J5 
WASHINGTON,  D.  C.,  CXecvtiVe  3-2650 
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Hand  “Wira-Wrap”  faai 


Air-pow«rtd  “Wira-Wrap"  tool 


Mamtal  wrapping  and  unwrapping  taals  for  •orvitomon 


Gardner-Denver  (ll)iiie'Ol)Mf)‘’roundup 


Choose  from  Gardner-Denver’s  complete  line  of 
hand-held  "Wire-Wrap”  tools  and  put  your  electri¬ 
cal  connections  on  a  3-second  production  schedule. 
That’s  all  the  time  it  takes  to  make  a  piermanent 
electrical  connection  using  the  solderless  wrapping 
method. 

Proved  superior  by  leaders  in  communications 
and  electronics,  these  connections  are  lastingly 
secure,  conquer  vibration  failure  and  corrosion. 
Only  Gardner-Denver  offers  a  complete  line  of 
equipment  to  make  such  connections,  including . . . 

automatic  ^'Wire-Wrap'’  machines  like  the  one 
at  right.  If  you  have  a  special  problem  in  multiple 
operations  of  connecting  wires,  it’ll  pay  you  to  see 
Gardner-Denver  first.  Want  details?  Write  for 
bulletins. 


Operated  manually  or  automatically  by  punched  cards  or  topes,  machine 
can  place  10,000  wires  on  a  20"  x  20"  modular  terminal  board.  Wrapt 
terminals  in  a  10'  x  10'  wrap  area — puts  as  many  as  three  connections  on 
each  terminal.  Completes  entire  wrapping  cycle  to  interconnect  two  termi¬ 
nals  in  six  seconds. 
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Sylvania; 


ulllll  boosts  tube 
performance 
vital  to 

critical  designs 


HIGH  Gm  PER  mA  Ib 

HIGH  UNIFORMITY 

HIGH  ELECTRICAL  STABILIH 

HIGH  MECHANICAL  STRENGTH 

LOW  NOISE 

LOW  MICROPHONICS 


Sylvania  strap  frame  grid  structure  brings  remarkable 
uniformity  to  grid  characteristics,  delivers  significant 
improvements  to  tube  performance.  Here’s  why:  strap 
frame  design  enables  use  of  very  fine  diameter  grid 
wire  and  higher  T.  P.  I.  Mechanical  strength  and 
dimensional  control  are  improved  by  precise  fabrica¬ 
tion  of  sturdy  lateral  straps  to  side  rods.  Automated 
machinery  accurately  disciplines  grid  pitch  and  align¬ 
ment  to  exacting  tolerances;  tightly  winds  grid  wires  to 
form  a  “flat,”  uniform,  minor  grid  dimension. 

Result:  Sylvania  strap  frame  grid  provides  high  trans¬ 
conductance,  enables  uniform  grid-cathode  spacing 
and  resultant  low  dispersion  of  characteristics  from 
tube  to  tube.  It  affords  much  improved  control  of  cut¬ 
off  characteristics.  Too,  it  contributes  significantly  to 
high  electrical  stability,  minimal  noise  and  micro¬ 
phonics,  high  resistance  to  vibration  and  shock. 


SYLVANIA  TUBES... FOR  TEST  EQUIPMENT  APPLICATIONS 

feature  strap  frame  grids 


SYLVANIA-6DI8.  . .  sharp  cutoff  double  triode  designed  for 
amplifier  service.  Sylvania-6DJ8  features  transconductance 
of  1 2,500  /xmhos,  low  noise  and  microphonics. 

SYLVAN lA-SR-2672 A  .  .  .  semi-remote  cutoff  pentode  for  IF 
amplifier  service.  The  new  SR-2672A  offers  a  transcon¬ 
ductance  of  12,500  Mmhos,  and  low  input  capacitance.  It 
employs  a  special  mica  design  and  outer  shield  for  added 
structural  strength. 

SYLVAN IA-SR-2672B  .  .  .  sharp  cutoff  pentode  designed  for 
IF  amplifier  service.  The  new  SR-2672B  features  transcon¬ 
ductance  of  l5,000Mmhos,  low  input  capacitance.  It  utilizes 
specially  designed  mica  to  keep  cathode  rigidly  in  position, 
and  an  outer  shield  to  strengthen  mount  structure. 


DESIGN  CENTER  RATINGS 

6DJ8* 

SR-2672A 

SR-2G73B 

UNITS 

Plate  supply  voltage 

550 

550 

550 

V 

Plate  voltage 

130 

250 

250 

V 

Plate  dissipation 

1.8 

2.5 

2.5 

w 

Cathode  current 

25 

25 

20 

mA 

Negative  grid  1  voltage 

50 

— 

— 

V 

Grid  #1  circuit  resistance 

1.0 

1.0 

1.0 

Megohm 

Grid  #2  voltage 

250 

250 

V 

•Max.  ratings  for  each  section 


SYLVANIA  LOW  NOISE  TUBES.. .FOR  TV  TUNER  APPLICATIONS 


feature  strap  frame  grids 


SYLVAN IA-6ES8 .  .  .  semi-remote  cutoff  double  triode  for 
RF  cascode  amplifier  service.  Transconductance  is  12.500 
r/mhos.  6ES8  uses  Sarong  Cathodes  as  well  as  strap  frame 
grids.  This  combination  achieves  greater  uniformity  in 
grid-cathode  spacing  for  improved  cutoff  characteristics, 
high  stability,  exceptional  uniformity. 

SYLVANIA-8FQSA .  .  .  new  semi-remote  cutoff  triode  de¬ 
signed  for  VHF  RF  amplifier  service  at  a  B-f-  of  135  volts. 
6FQ5A  features  low  noise  figures  and  high  Gm  per  mA 
of  plate  current.  Its  transconductance  is  15,000  ^mhos 
The  transfer  curve  is  controlled  at  4.2  volts  and  2.5  volts 
to  remove  points  of  inflection,  thereby  reducing  cross  mod¬ 
ulation.  Sylvania-6FQ5A  employs  a  partial  shield  between 
grid  and  plate  for  low  capacitance  and  dual  cathode  leads 
to  reduce  input  loading. 


DESIGN  MAXIMUM  RATINGS 

6ES8* 

6FQ5A 

UNITS 

Plate  supply  voltage 

550 

_ 

V 

Plate  voltage 

130 

200 

V 

Plate  dissipation 

18 

2.5 

w 

DC  cathode  current 

22 

22 

mA 

Negative  grid  voltage 

50 

50 

V 

Grid  circuit  resistance 

1.0 

1.0 

Megohm 

1.000 


Ask  your  Sylvania  Sales  Engineer  about  the  advantages  of  high-quality,  domestically  produced.  Sylvania  strap  frame  grid  tubes.  For  data 
on  specific  tvpes,  write  Electronic  Tubes  Division.  Sylvania  Electric  Products  Inc.,  Dept.  L,  1 100  Main  St.,  Buffalo  9,  N.  Y. 
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TRANSCONDUCTANCE  (Gm)  IN  MICROMHOS 


(  Ad  vert  t  semen!) 


Important  facts  to  know  about  Laminated  Plastics 


LAMINATED  PLASTICS  What  they  are,  where  they  can  he  used 


Taylor  laminated  plastics,  also  known 
as  reinforced  plastics,  are  thermoset¬ 
ting-type  materials  formed  by  impreg¬ 
nating  paper,  cotton  cloth,  asbestos, 
glass  cloth,  nylon  or  other  base  ma¬ 
terials  with  synthetic  resins  and  fusing 
them  into  sheets,  rods,  tubes  and  spe¬ 
cial  shapes  under  heat  and  pressure. 
These  materials  exhibit  a  valuable 
combination  of  characteristics,  includ¬ 
ing  high  electrical  insulation  resistance, 
structural  strength,  strength-to-weight 
ratio,  and  resistance  to  chemical  re¬ 
action;  also  adaptability  to  fabricating 
operations. 

Types  of  iaminoted  plastics  mode  by  Taylor 

There  are  four  basic  types  of  Taylor 
laminated  plastics  commonly  specified 
and  used  throughout  industry  today. 
They  are  as  follows: 


and  strength  retention  at  elevated  tem¬ 
peratures.  Paper  grades  are  used  under 
high-humidity  conditions  where  re¬ 
sistance  to  acids  and  alkalis  is  required. 
Both  grades  are  characterized  by  good 
dielectric  strength,  low  dielectric  losses, 
and  high  insulation  resistance  even 
following  severe  humidity  conditions. 


Molamln*  Laminatat.  Glass  cloth  or 
cotton  fabric  impregnated  with  mela¬ 
mine  formaldehyde  resin.  Taylor  mela¬ 
mine  laminates  have  superior  mechan¬ 
ical  strength  and  are  especially  de¬ 
sirable  for  their  arc-resistant  qualities. 
Good  flame  and  heat  resistance,  good 
resistance  to  the  corrosive  effects  of 
alkalis  and  most  other  common  sol¬ 
vents,  besides  other  favorable  char¬ 
acteristics.  Typical  applications  include 
arc  barriers,  switchboard  panels,  and 
circuit-breaker  parts  in  electrical  in¬ 
stallations. 


Recent  technical  advances  in  the  bond¬ 
ing  of  various  metallic  and  nonmetallic 
materials  to  laminated  plastics  have 
opened  up  new  design  opportunities. 
It  is  now  possible  to  bond  virtually  any 
compatible  material  with  a  laminated 
plastic  to  form  a  composite  which 
combines  the  advantages  of  both.  One 
of  the  first  composite  materials  was  a 
cop|jer-clad  laminate  used  for  printed 
circuits.  More  recent  composite  lam¬ 
inates.  usually  manufactured  to  cus¬ 
tomer  specification,  include  the  follow- 
•ing:  Taylorite"^  vulcanized  fibre-clad, 
rubber-clad,  asbestos-clad,  aluminum- 
clad.  beryllium-copper-clad,  stainless- 
steel-clad,  magnesium-clad,  and  silver- 
and  gold-clad.  Any  one  of  these  ma¬ 
terials  can  be  sandwiched  between 
sheets  of  laminates,  too,  and  can  be 
molded  to  fit  specific  requirements. 

Send  for  complete  information  about 
any  or  all  of  these  Taylor  laminates. 
And  remember  Taylor’s  new  selection 
guide  will  simplify  your  problems  in 
choosing  the  right  laminate  for  your 
specific  application.  Taylor  Fibre  Co., 
Norristown  40,  Pa. 


Phanolic  Laminates.  Paper,  cotton 
fabric  or  mat,  asbestos,  glass  cloth  or 
nylon  bases  impregnated  with  phenol 
formaldehyde  resins.  These  provide 
strength  and  rigidity,  dimensional  sta¬ 
bility,  resistance  to  heat,  chemical  re¬ 
sistance,  and  good  dielectric  character¬ 
istics.  Some  Taylor  grades  are  excel¬ 
lent  basic  materials  for  gears,  cams, 
pinions,  bearings  and  other  mechanical 
applications.  Others  are  widely  used  in 
terminal  boards,  switchgear,  circuit 
breakers,  switches,  electrical  appli¬ 
ances  and  motors.  Also  in  radios,  tele¬ 
vision  equipment  and  other  electronic 
devices;  and  in  missiles  as  nose  cones, 
exhaust  nozzles,  and  combustion  cham¬ 
ber  liners. 


Silicon*  Laminatat.  Continuous-fila¬ 
ment  woven  glass  fabric  impregnated 
with  a  silicone  resin.  These  laminates 
combine  high  heat  resistance  (up  to 
5(X)°F.  continuous)  with  excellent 
electrical  and  mechanical  properties. 
They  are  primarily  used  in  high-tem- 
perature  electrical  applications  and 
high-frequency  radio  equipment. 

Epoxy  Laminatat.  Continuous-fila¬ 
ment  woven  glass  fabric  or  paper  im¬ 
pregnated  with  epoxy  resin.  Glass- 
fabric  grades  are  designed  for  use  in 
applications  requiring  high  humidity- 
resistance.  good  chemical  resistance. 
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INSTRUMENTS 


SYSTEMS 

DIVISION 


DIVISION 


HERMACH-ENGELHARD  multi-range  transfer  volt 
ammeter  with  0.05%  accuracy  through 


a  frequency  range  d-c  to  50,000  cps. 


This  multi-range  ir'strument  satisfies  the  exacting  calibration 
requirements  over  a  wide  range  of  currents  and  voltages. 
High  accuracy  is  attained  without  use  of  correction  factors. 

The  functional  design  of  this  transfer  standard,  employing 
the  null  principle,  provides  operation  sufficiently  simple  for 
non-technical  operators.  Results  are  read  on  the  external  d-c 
potentiometer  in  a  conventional  way  and  multiplied  by 
convenient  round  numbers  to  give  measured  current  or  volt¬ 
age  to  0.05%,  without  correction,  continuously  over  the  fre¬ 
quency  spectrum  from  d-c  to  50,000  cps.  To  achieve  the  ac¬ 
curacy  which  the  Hermach-Engelhard  Transfer  Volt-Ammeter 
provides  across  the  whole  audio  frequency  range,  a  whole 
battery  of  the  usual  measuring  devices  would  be  needed. 

To  provide  efficient  adaptability  to  various  conditions  of 
application,  several  models  can  be  obtained.  They  are  port¬ 
able,  simple  and  economical  to  maintain. 

INSTRUMENTS  AND  SYSTEMS  DIVISION  •  850  PASSAIC  AVENUE 
EAST  NEWARK,  N.  i. 


Send  for 

complete  literature. 


0  complete  range  of  brush  materials 


for  printed  circuit  applications. 


Because  the  correct  choice  of  contact  materials  far  use  on 
printed  circuits  is  wholly  dependent  upon  such  factors  as 
type  of  circuit,  circuit  function  and  mechanical  design,  the 
final  selection  of  materials  is  generally  obtained  on  an  em¬ 
pirical  basis. 

Baker  engineers  and  metallurgists  are  prepared  to  offer 
very  broad,  specialized  experience,  together  with  extensive 
records  of  performance  data  that  can  be  extremely  useful 
to  you.  They  will  be  pleased  to  assist  in  resolving  your  par¬ 
ticular  problems  in  this  field. 

Baker-developed  alloys  and  powdered  metal  products 
meet  the  full  range  of  brush  muterial  requirements  for 
printed  circuit  applications.  Complete  facilities  are  avail¬ 
able  here  for  reliable  design  and  manufacture.  Send  for 
literature. 


BAKER  CONTACT  DIVISION  •  207  GRANT  AVE.,  E.  NEWARK 
HARRISON  P.  O.,  N.  J. 


OOMCSTie  SIVItlOMSt  AMCRICAN  FLATtMUM  *  SILVER  DIVISION  •  AMERSIL  QUARTZ  DIVISION  •  BAKER  CONTACT  DIVISION  •  BAKER  DENTAL  DIVISION  •  BAKER  PLATINUM 
DIVISION  •  BAKER  SETTING  DIVISION  •  CHEMICAL  DIVISION  •  HANOVIA  LIQUID  GOLD  DIVISION  •  INSTRUMENTS  G  SYSTEMS  DIVISION  •  IRVINGTON- BAKER  REPINING  DIVI¬ 
SION  •  D.  E.  MAKEPEACE  DIVISION  *  RESEARCH  G  DEVELOPMCNT  DIVISION  •  H.  A.  WILSON  DIVISION.  COMPANIES  ABROAD •  CNGELMARD  INDUSTRIES  OP  CANADA.  LTD.,  TO¬ 
RONTO  •  ENGELHARD  INDUSTRIES  LTD.,  BAKER  PLATINUM  DIVISION,  HANOVIA  PRODUCTS  DIVISION,  LONDON  •  SOCIEDAD  SURAMERICANA  DE  METALES  PRECIOSOS  S.A.,  BO- 


nK)MPT  PRECIOUS  METAL  SCRAP  RECOVERY  SERVICE  •  ENGELHARD  PROCEDURES  RECOVER 
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CHEMICAL 


DIVISION 


for  detection  and 


measurement  of  oxygen  or  hydrogen 
impurities  in  other  gases 


MINOXO  INDICATOR..  .  measures  traces  of  molecular 
oxygen  in  other  gases— from  1  to  10  parts  per  million,  and 
from  1  to  100  PPM.  High  sensitivity  and  rapid  speed  of 
response  enable  it  to  be  used  for  laboratory  investigation 
and  production  quality  control. 

SUPER-SENSITIVE  DEOXO  INDICATOR..  .measures  oxy¬ 
gen  or  hydrogen  present  as  impurities  in  other  gases— from 
2  to  200  ports  per  million  oxygen  and  4  to  400  parts  per 
million  hydrogen.  Dual  range  permits  measurement  up  to 
.25%  oxygen  or  .50%  hydrogen.  Send  for  literature. 


INDICATOR 


SUPER-SENSITIVE 
DEOXO  INDICATOR 


corrosion-resistant  rhodium  plating 


The  properties  of  Rhodium  are  particularly  well-suited  to 
many  electrical  and  electronic  applications.  In  general. 
Rhodium  improves  efficiency  whenever  a  low-resistance, 
long-wearing,  oxide-free  contact  is  required.  Rhodium  plate 
assures  low  noise  level  for  moving  contacts,  no  oxide  recti¬ 
fication,  low  and  stable  contact  resistance.  Rhodium  plated 
slip  rings  and  commutators  show  negligible  wear.  The  posi¬ 
tive  action  of  plated  contacts  subjected  to  long  periods  of 
inactivity  emphasizes  the  efficiency  of  Rhodium  for  safety 
alarm  contacts.  Excellent  protection  against  atmospheric 
corrosion  is  obtained  for  printed  circuits  by  plating  Rhodium 
over  nickel  to  assure  long  wear  and  low  noise,  or  Rhodium 
over  Silver  to  protect  against  tarnish  ana  corrosion. 

In  the  realm  of  high  and  ultra-high  frequency  the  high  re¬ 
sistance  of  Rhodium  to  surface  corrosion  under  all  atmos¬ 
pheric  conditions  is  specially  useful.  Oxide-free  contacts 
eliminate  partial  rectification  and  unwanted  signals. 

Call  for  technical  assistance  or  write  for  literature. 

CHEMICAL  DIVISION  •  113  A S T O R  STREET 

NEWARK,  N.  J. 


CRYSTAL  STRUCTURE 


DENSITY 


IRYINGTON-BAKER  REFINING  DIVISION 


1007o  OF  ASSAYED  PRECIOUS  METAL  CONTENT 
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FINANCIAL  ROUNDUP 


THt  MAKK  Of  RILIABILITY 


Reeves  Plans  New  Stock  Issue 


IMPROVED 

CONSTRUCTION 


ESI’s  commitment  of  nearly  $440,- 
000  is  in  the  form  of  convertible 
debentures  and  common  stock.  The 
Texa.s-based  Small  Business  Ad- 
mini.stration  investment  company 
has  assets  in  excess  of  $14  million. 
With  the  investment  in  Rawco, 
ESI’s  total  investment  commit¬ 
ment  has  reached  nearly  $H  mil¬ 
lion  since  Oct.  27  of  this  year. 


REEVES  SOUNDCRAFT  CORP.,  Danbury, 
Conn.,  has  filed  with  Securities  & 
Exchange  Commission  for  rejri.stra- 
tion  of  a  block  of  I.'IO.OOO  shares  of 
common  stock.  These  shares  will  be 
purchased  by  the  Prudential  Life 
Insurance  Co.  of  America  in  accord¬ 
ance  with  a  warrant  agreement  con¬ 
cluded  with  Reeves  in  1058.  Reeves 
will  receive  payment  of  $5.00  a 
share  from  the  insurance  company. 
The  Prudential  will  then  place  the 
shares  up  for  public  sale  throusrh 
Emanuel,  Deetjen  &  Co.  at  market 
prices.  Prudential  acquired  the 
warrants  in  connection  with  a  .sale 
to  Reeves  of  $000,000  in  promi.s.sory 
notes.  The  electronics  company  now 
has  .5,054,815  .shares  of  stock  out¬ 
standing  of  which  company  officials 
hold  524,558  shares. 


Elect ro-I,ogic  Corp.,  Venice.  Calif., 
manufacturer  of  electronic  in.stru- 
ments  has  just  issued  $125,000  in 
common  .stock  with  40  percent  of 
the  shares  beinp  purchased  by  in¬ 
dividual  investors.  A  major  por¬ 
tion  of  the  orijrinal  capitalization 
of  the  California  company  was 
supplied  by  Midwest  Technical 
Development  Corp.,  Minneapolis- 
based  investment  firm  licensed  by 
SBA.  MTDC  president,  A.  .1. 
Ryden  says  the  new  stock  issue 
will  not  only  add  to  Electro- 
TiOpric’s  workinp  capital,  but  will 
al.so  permit  his  company  to  revert 
to  a  minority  interest,  a  position 
he  prefers.  Investors  in  the  new 
stock  issue  bought  a  total  of  12,500 
shares  at  $10  per  share. 


Siegler  Corp.,  Ix)s  Anpeles,  has 
filed  with  SFC  for  registration  of 
410,000  shares  of  common  stock  and 
105,000  shares  of  no  par  cumulative 
convertible  debentures  to  be  offered 
to  stockholders  of  another  company 
with  which  Siepler  is  studying 
merger  plans.  Stockholders  of  the 
other  firm.  .lack  &  Ileintz,  will  re¬ 
ceive  one  share  of  Siegler  for  each 
0.55  shares  of  .I&H  they  now  hold, 
if  the  merger  tran.saction  is  com¬ 
pleted.  .I&H  manufactures  electric 
power  generating  equipment. 


Sprague  reliability  is  built-in 
these  dependable  Blue  Jack¬ 
et  miniature  axial  lead  re¬ 
sistors.  New  all-welded  end- 
cap  construction  gives  im¬ 
proved  reliability  under  se¬ 
vere  environmental  condi¬ 
tions. 

Blue  Jackets  are  ideal  for 
use  in  miniature  electronic 
equipment  with  either  con¬ 
ventional  wiring  or  printed 
wiring  boards. 

Get  complete  data  on  these 
dependable  minified  resist¬ 
ors,  write  for  Engineering 
Bulletin  7410 A. 

SPRAGUE  ELECTRIC  COMPANY 

35  MorshoM  Street,  North  Adams,  Moss. 


25  MOST  ACTIVE  STOCKS 


WEEK  ENDING  DECEMBER  2,  1960 
SHARES 

(IN  100'*)  HIGH  LOW  CLOSE 
rr«Mitr*l  1,970  38%  SSW  36H 

kmm  1,847  23%  20%  23% 

Sptrnr  Rir4  1.053  19%  18%  18% 

P*larH  981  24  19%  23 

GMTtItElM  918  26%  25%  25% 

(M  iHt  878  42%  38%  39^k 

iRt’l  Ttl  8  Til  828  43%  41%  43 

RCA  759  57%  54%  55Vk 

Linl  706  32%  29  31 

Cm  EiMt  689  77%  74%  74% 

Am  drp  679  14%  13%  14% 

Marti!  Cl  619  62%  59  59% 

U!if  Cwrtrilt  585  15%  14%  15 

Silflir  Ciri  467  30V4  27  291/4 

WMtilClMMl  457  50%  49  49% 

Clllin  RiOil  455  53%  48%  49% 

PMICI  Cim  433  18  16%  16% 

El-Tniici  432  8%  6V4  6% 

LmUMK  422  277%  25%  25% 

Gn  DyMBiCS  414  42%  39%  3974 

StiaO'l  KiIImim  406  24%  22%  22% 

LittM  IM  360  89%  82%  85% 

VarlM  Atm  347  49%  46%  47% 

A«ir  ElMtnKS  IM  306  12V4  10%  11% 

RaytkMi  305  35%  32%  33 


T,aboratory  for  Electronics,  Bo.s- 
ton.  reports  record  six-month  earn¬ 
ings  of  $011,000  on  gross  sales  of 
$20,725,000  for  the  period  ended 
Oct.  28.  this  year.  This  is  equivalent 
to  earnings  of  $1.80  per  share  of 
common  stock.  In  the  previous  six- 
month  period,  earnings  of  $428,000 
on  gross  sales  of  $17,205,000,  or  81 
cents  per  share  were  reported. 
H.  W.  Harding.  LEE  president  says 
new  orders  received  during  the  cur¬ 
rent  period  amounted  to  $22,016,- 
000  resulting  in  a  contract  backlog 
of  $29,574,000  with  increases  to 
about  $40  million  expected. 


Electro-Science  Investors,  Inc., 
Dallas,  Tex.,  reports  acquisition  of 
a  potential  equity  in  excess  of  65 
percent  in  Rawco  Instruments. 


The  above  figures  represent  sales  of  electronics 
stocks  on  the  New  York  and  American  Stock 
Exchange*.  Lisdnes  are  prepared  exclusively  for 
Elbctxonics  by  Ira  Haupt  8c  Co.,  investment 
bankets. 
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No  interpolations  needed! 


Another  NARDA  exclusive  I 


DIGITAL 


Direct 


Reading 

Frequency 

Meters 


New  — and  only  from  Narda!  Microwave  frequency  meters  you  can 
read  at  a  glance!  The  digital  counter  permits  even  the  least-experi¬ 
enced  to  get  rapid,  precise  readings  without  interpolations,  charts  or 
curves.  And,  because  the  tuning  rate  is  linear  with  frequency,  the 
new  meters  are  readily  adaptable  for  remote  indication.  May  be  panel- 
mounted,  too,  if  you  have  a  system  application. 

Best  of  all,  you  get  these  features  with  no  sacrifice  of  quality  or  accu¬ 
racy  (0.1%  or  better):  The  high-Q  cavities  are  precision-bored;  the  cast 
housing  is  extremely  rugged;  the  mechanism  is  carefully  and  accu¬ 
rately  constructed.  Electrically,  the  unit  is  equivalent  to  a  straight 
section  of  waveguide  when  detuned.  Dip  at  resonance  is  at  least  10%. 
Complete  specifications  are  shown  at  right. 

This  is  just  one  of  many  precision  Narda  microwave  products.  For 
a  free  copy  of  our  complete  catalog,  write  to:  Dept.  E-12. 


SPECIFICATIONS 


Band 

X 

KU 

K 

Frequency 

(KMC) 

8.20-12.4 

12.4-18.0 

18.0-26.5 

Waveguide 

(in.) 

IxMi 

.702  X  .391 

VzxV* 

AccurKy 

0.08% 

0.1% 

0.1% 

Loaded 

a 

7000 

5000 

4000 

Lengtli 

(ia.) 

4 

4 

4 

NARDA 

Model 

Number 

840 

839 

838 

Price 

J195. 

$250. 

$275. 

the  narda 


the  JL  Idi  corporation 

:i8-160' HERRICKS  ROAD,  MINEOLA,  L.  I.,  N.  Y.  •  PIONEER  6-4650 
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Precision  instrument 


Company  Engineering 
Sales  Representatives 


ALBANY,  N(W  Ytifc 

SBM  AtsociaUs,  Inc. 
HEmlock  8-5381 
ALBUaUERQUE,  NlW  Mixict 
V.  T.  Rupp  Company 
Alpine  6-0798 
ATLANTA,  Sltr(ia 
Scientific  Sales  Engr|,  Co. 
TRinity  3-2475 
BALTIMORE. 

(Ttwtai  4)  Maryland 
Gswier-Knoop  Company 
ENterprise  9-3151 
BOSTON, 

(Artiiften)  MassKkssctts 

Instrument  Associates 
Mission  8-2922 
CHICAGO,  lllinsis 
Pivan  Engineering  Company 
KEystone  9-4383 
CLEVEUNO,  Okie 
Electro  Sales  Associates 
REdwood  2-7444 
OALLAS,  Texas 
Oannemiller-Smith,  Inc. 
Fleetwood  7-8249 
DAYTON,  OkiS 
Electro  Sales  Associates 
CHapel  4-5551 
DENVER,  Calarada 
Williams  &  Associates,  Inc. 
SKyline  6-9403 
DETROIT, 

(Mt.  Clcmeis)  Mickigan 

Electro  Sales  Associates 
Howard  8-2461 


SAIT  URE  CITY,  Utak 
Williams  &  Associates,  Inc. 
EMpire  4-6844 
SAN  CARLOS,  Califania 
R.  L.  Pfiieger  Company,  Inc. 
LYtell  1-0396 
SAN  DIEGO,  Califtrnia 
V.  T.  Rupp  Company 
CYpress  8-9835 
SEATTLE,  Waskingtsn 
Rush  S.  Drake  Associates,  Inc, 
EAst  3-8545 
ST.  LOUIS,  Misssnri 
Harris-Hsnson  Company 
Mission  7-4350 
WASHINGTON,  D.  C. 

(Silver  Spring,  Md.) 
Gawler-Knoop  Company 
juniper  5-7550 
WINSTON-SALEM, 

(Pfafftewn)  N.  Carelina 
Scientific  Sales  Engineering CO. 
WAbash  4-2182 

ARGENTINA,  Bnenns  Airct 

Mauricio  A.  Suares 

Telecommicaciones 

Phone:  30-6312  34-9087 

AUSTRALIA,  Melkenme 

Geo.  H  Sample  &  Son  Pty.  Ltd, 

17  Anthony  Street 

AUSTRALIA,  Sydney 

Geo.  H.  Sample  &  Son  Pty.  Ltd, 

Phone:  MA  6281 

BELGIUM,  Brnssels 

Inelco 

Phone:  11.22.20 


HARTFORD,  Cannecticnt 
Instrument  Associates 
CHapel  6-5686 
HOUSTON,  Texas 
Oannemiller-Smith,  Inc. 
Homestead  5-8347 
HUNTSVILLE.  Alakama 
Scientific  Sales  Engrg.  Co. 
JEfferson  9-5552 
IDAHO  FALLS,  Idaka 
Rush  S.  Drake  Associates,  Inc. 
JAckson  2-7992 
INDIANAPOLIS,  Indiana 
Pivan  Engineering  Company 
Victor  6-1532 
KANSAS  CITY,  Missouri 
Harris-Hanson  Company 
HI  land  4-9494 
LOS  ANGELES,  California 
V.  T.  Rupp  Company 
Dunkirk  7-8224 
MINNEAPOLIS, 

(St.  Paul)  Minnesata 
Northport  Engineering,  Inc. 
Midway  6-2621 
NEW  YORK  CITY 
(Reseland,  N.J.) 
Gawler-Knoop  Company 
CAldwell  6-4545 
ORLANDO,  FItrida 
Scientific  Sales  Engrg.  Co. 
GArden  4-0730 
PHILADELPHIA, 

(Wyncnts)  Pennsylvania 
Gawler-Knoop  Company 
WAverly  7-1820 
ROCHESTER,  New  Ytrk 
SBM  Associates,  Inc. 
GReenfield  S6S06 


CANADA:  Msntreal,  QuekiG 

R-O-R  Associates,  Ltd. 

HUnter  1-0700 
CANADA:  Torantt,  Ontario 
R-O-R  Associates,  Ltd. 

Hickory  4-4429 
ENGLAND:  Landan,  W.  I. 

B  &  K  laboratories.  Ltd, 
GROsvenor  4567 
FRANCE,  Paris  2a 
Radio  Equipements 
RIC.  49-88 
GERMANY,  Hanaver 
Vibro-Meter  Hannover  GMBH 
Phone  13367 

HOLLAND:  Rijswijk  (Z.  H.) 

C.  N.  Rood,  N.  V. 

The  Hague  98-51-53 
ISRAEL,  Tel-Aviv 
Landseas-Eastern  Co.  Ltd. 
Phone:  66890 
ITALY,  Milana 
Dott.  Inc.  Mario  VianellO 
Phone:  553.081 
JAPAN,  Takya 
Seki  &  Company,  Ltd. 

Phone:  (866)  3136-9 
NEW  ZEAUND,  Anckland 
Geo.  H.  Sample  &  Son  (N.Z.)  Ltd. 
Mount  Roskill  S.  1 
SOUTH  AFRICA,  Jakanneskirc 
Protea  Holdings,  Ltd, 

Phone:  33-2211 
SWEDEN.  Bramaui 
Erik  Ferner  AB 
Phone:  252870 
SWITZERLAND 
Frikaarg/MaMar 
Vibro-Meter  Corporation 
Phone:  2.61.08 


Precision  Instrument  Company 

SAN  CARLOS,  CALIFORNIA 


MARKETING 


Answering  Sets  Show  Growth 


ONE  LEADING  manufacturer  of  tele¬ 
phone  answering  sets  expects  the 
number  of  his  sets  in  service  will 
at  least  triple  during  the  next  five 
years. 

George  W.  Danner,  President  of 
Electronic  Secretary  Industries, 
Inc.,  a  subsidiary  of  General  Tele¬ 
phone  and  Electric,  estimates  there 
are  60,000  Electronic  Secretary 
units  now  in  service,  and  that  this 
number  will  jump  to  200,000  or 
more  by  1965. 

Danner  feels  three  factors  will 
stimulate  rapid  growth  of  these  de¬ 
vices:  an  increased  promotion  and 
advertising  campaign  to  point  up 
applications  and  advantages  of  the 
devices,  introduction  of  new  models 
adaptable  to  home  use  to  expand 
the  potential  market,  and  public 
education  and  awareness  to  uses  of 
the  device. 

Two  basic  sets  are  presently  in 
use:  answering-only,  and  answer¬ 
ing-recording  combination. 

Answering-only  sets  give  a  re¬ 
corded  message  and  have  no  provi¬ 
sions  for  taking  a  message  from  the 
caller. 


The  answering-recording  combi¬ 
nation  gives  a  message  and  also  al¬ 
lows  the  caller  to  dictate. 

Of  66,000  sets  being  used  in  the 
Bell  System  territory  last  month, 
over  75  percent  were  equipped  with 
recording  devices.  Sets  in  use  by 
the  Bell  System  at  the  end  of  1958 
totaled  58,800.  At  the  end  of  1959, 
there  were  64,800. 

Monthly  rental  charges  vary  with 
the  telephone  company  and  the  type 
of  equipment.  Typical  charges  are 
$10  per  month  for  answer-only  sets 
and  $12.50  for  answering-recording 
equipment.  Initial  installation 
charges  also  vary. 

Most  set  users  are  professional 
and  business  people  or  firms — such 
as  doctors,  salesmen,  realtors,  de¬ 
partment  stores  and  pharmacists — 
who  don’t  want  to  miss  calls  while 
their  phones  are  unattended.  An 
analysis  of  Bell  System  users  indi¬ 
cates  that  only  a  small  percentage 
of  the  sets  are  used  for  the  pub¬ 
lic  announcement  (Dial-A-Prayer, 
sport  results)  type  of  service. 

Railway  Express  uses  answering 
sets  in  offices  with  a  single  employee 


Lawyer  plays  back  telephone  messages  recorded  on  his  Electronic  Secre¬ 
tary  answering  set  during  his  absence 
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Potential 


to  avoid  loss  of  business.  Meeting 
trains,  making  pickups  and  deliver¬ 
ies  keep  the  employee  out  of  the 
office  at  frequent  intervals.  The  un¬ 
attended  office  telephone  often 
meant  dissatisfied  customers  and 
lost  business,  and  the  company  was 
faced  with  the  prospect  of  closing 
such  offices. 

As  an  alternative,  answer  sets 
were  installed  in  a  few  test  loca¬ 
tions.  Now  more  than  250  units  are 
in  Railway  Express  offices. 

At  General  Electric’s  Morrison, 
Ill.,  plant  all  outgoing  telegrams 
are  handled  by  an  answering  set. 
Telegrams  are  dictated  to  a  special 
number  and  transcribed  by  the  tele¬ 
type  operator,  who  puts  them  on  the 
wire.  Centralized  control  saves 
time  and  interruptions,  speeds 
transmission,  and  furnishes  a  rec¬ 
ord  of  each  telegram  as  dictated. 

Tobin  Packing  Company,  Roches¬ 
ter,  N.  Y.,  uses  30  sets  to  take  or¬ 
ders  from  salesmen  and  customers. 
Sets  are  stacked  in  batteries  of 
three.  Two  units  take  orders  while 
the  third  is  being  transcribed. 
Units  average  about  700  order  calls 
per  eight-hour  day. 


Is  on-the-spot  service 
part  of  your  instrumentation? 


You  seldom  hear  the  phrase  ‘‘down  time"  used  with  reference  to  P.  I. 
instrumentation  magnetic  tape  recorders.  One  reason  is  that  they're  built  for 
rugged,  around-the-clock  recording  duty,  on  tough  assignments  in  extreme 
environments.  Another  reason  is  that  a  replacement  unit  is  available  less  than 
24  hours  away,  as  part  of  P.  I.  on-the-spot  service. 

Precision  recorders  carry  an  exceptional  1  -year  warranty,  backed  by  factory- 
trained  service  engineers  available  throughout  the  world.  This  assures  P.  I.  re¬ 
corder  users  maximum  performance  and  longer  service  life  from  their  equipment. 
Would  you  like  to  know  more  about  P.  I.  all-solid-state,  high  performance  tape 
recorders?  Contact  the  representative  nearest  you,  listed  on  the  opposite  page, 
or  write  direct. 


FIGURES  OF  THE  WEEK 


ProdiKtion 
Wttkof  11-2$ 


S*v«n-chann«f  frmcition  v  R«- 
cordar.  Alto  availablo  in  othor 
tonfigurafioni  up  to  14  chonna/t. 


A/.  Invites  Inquiries  from  senior  engineers  seeking  a  challenging  future. 


PRECISION  INSTRUMENT  COMPANY 

toil  Commercial  Street  a  San  Carlos  •  California 
Phone  LYtell  1-444-1  a  TWX:  SCAR  BEL  30 


REPRESENTATIVES  IN  PRINCIPAL  CITIES  THROUGHOUT  THE  WORLD 
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new  Mliii*  transistors... 

450-iiiir  free-ftir 
in  one-tenth  the  volume 


Tl  450/4S1 

silicon  transistors  give  you  more 
power  per  package  volume 
than  any  other  silicon  transistor 


Use  these  TI  second  generation  transistors  to  complement  your  second  generation 
high-speed  computers. 

Check  the  outstanding  advantages  of  the  Tl  450  and  Tl  451 . . . 

1/10  the  volume  of  a  TO-18  package  [f'f  electrically  the  same  as  2N706A  and  2N753 

450-mw  free  air  dissipation  @  25“C  [f'f ribbon  leads  for  “two-dimensional"  mounting 

iJl^hermetically-sealed-in  reliability  1/5  the  weight  of  a  TO-18  package  —  only  0.07  gms 

ff'f  backed  by  a  full  year’s  warranty  ff^ heat  sinking  simplified  by  electrically  isolated  case 


SUGGESTED  MOUNTING  METHODS 

Copper-etched  Heat  Sink  — 7 


Alternate  mounting  technique  for  welded  connections 
or  silk-screened  wiring  connections. 


Parameter 


Turn-On  Time 


Turn-Off  Time 


Collector-Emitter 
Saturation  Voltage 
DC  Forward  Current 
Transfer  Ratio 


Electriul  charKtoristies  (<t  2S°C  ambient 


Test  Conditions 


Ibi  -  3  ma,  Ib2  ~  i  "la 
Vcc  -  3v.Rl  -  27011 
P.  W.  400  nsec,  less 
than  2%  duty  cycle 
I  c  -  10  ma,  I B  »  1  ma 
(Pulse  Test) 

VcE  -  1  V,  Ic  -  10  ma 


Min 

Max 

40 

75 

20 

0  6 

60 

40 

120 

Specify  Tl  for  all  your  silicon  transistor  requirements— 
small  signal  •  switching  •  medium  power  •  power 
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DALLAS  SOAO  •  SEOrOND.  BNOLANOV  ^  tSBOONOSTM  CENTRAL  SXFftESSWAV  •  DALLAS.  TEXAS 
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VARIATIONS  ON  A  THEME 


The  talented  conductor  must  know  the  score  and  interpret  it 
brilliantly,  calling  upon  the  instruments  at  his  command  to 
produce  the  exact  shadings  and  tonal  values  to  enhance  the 
inherent  beauty  of  the  composition. 

So,  too,  must  the  talented  design  engineer  have  the  “feel”  and 
talent  to  utilize  the  “instruments"  at  his  command  to  bring  a 
system  concept  to  new  heights  of  performance  and  efficiency. 

The  design  engineer’s  talent  is  dependent  upon  the  scope 
and  range  he  is  permitted  by  the  components  he  may  utilize. 

Here  are  three  “instruments”  to  broaden  his  interpretations 
—to  give  him  added  range  and  scope— to  allow  him  full  freedom 
for  his  talent. 

The  standard  North  Crossbar  switch,  with  1200  switching 
points  in  a  10x12x10  matrix,  allows  maximum  switching  capacity 
within  minimal  space. 

The  new  5x12x10  switch  gives  him  a  new  “instrument”,  with 
all  the  reliability  and  versatility  of  its  big  brother,  for  applica¬ 
tion  where  capacity  requirements  can  be  satisfied  with  600 
switching  points! 

The  factory-wired  Crossbar  switch  with  North  Multi-Purpose, 
Multi-Terminal  Connectors  allows  new  range  and  economy. 

These  three  instruments  will  give  you  wider  latitude  in  your 
interpretation  of  design  problems-with  proven  reliability, 
versatility  and  economy. 

For  full  details  on  North  Crossbar  switches,  write 
ELECTRONET/CS  DIVISION  ^ 

NORTH  ELECTRIC  COMPANY  m 

6413  South  Market  St.,  Gallon,  Ohio 


CIRCLE  28  ON  READER  SERVICE  CARD 


electronics 


s 


From  Allegheny  Ludlum 

NEW  VALUES  IN 
SILICON  STEELS 


In  the  intermediate  silicon  grades  Allegheny  Ludlum 
consistently  furnishes  the  largest  coils  available— 
7000  to  SHXK)  pounds.  Wider  widths  open  up  oppor¬ 
tunities  for  new  applications  using  superior  cold 
reduced  electrical  steel  strip. 

You  can  count  on  consistent  magnetic  results 
when  you  use  A-L  steels.  Quality  is  checked  and 
maintained  in  each  coil  to  insure  consistent  results 
from  shipment  to  shipment.  Consistent  gage  uni¬ 
formity  is  maintained  throughout  each  coil. 

Permeability  is  excellent— A-L  processing  gives 
you  the  maximum  values  consistent  with  AISI  watt 
loss  grades.  Core  loss  guarantees  are  available  accord¬ 
ing  to  AISI  published  values  for  as  sheared  or  stress 
relief  annealed  samples. 


In  the  grain  oriented  Silearon*  grades  Allegheny 
Ludlum  carefully  controls  flatness— to  insure  mini¬ 
mum  noise  levels.  Excessive  noise  levels  and  mag¬ 
netostriction  is  held  down  to  a  minimum. 

Because  of  the  excellent  gage  consistency,  A-L 
Silectron  grades  mean  more  uniformity  in  making 
stacked  and  wound  cores. 

The  absence  of  brittle  material  is  a  must  in  making 
wound  cores.  You  will  appreciate  the  ductility  of 
Allegheny  Ludlum  Silector  grades. 

For  high  quality  electrical  steels  and  the  technical 
data  you  need  in  design  and  manufaaure  call  your 
Allegheny  Ludlum  salesman,  or  write:  Allegheny 
Ludlum  Steel  Corporation,  Oliver  Building, 
Pittsburgh  22,  Pennsylvania.  Dept.  E-12-2. 


Allegheny  ludlum 

PIONEERING  ON  THE  HORIZONS  OF  STEEL 
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RECOVERY  TIME,  GUARANTEED  LESS  THAN  A  HALF  A  NANOSECOND! 

The  new  HUGHES*  HD-5000  diodes  are  the  fastest  switching  devices  commercially  available 
today.  They  are  so  fast,  in  fact,  that  storage  time  can’t  even  be  measured.  ■  Think  what  this 
means.  Now  computer  circuits  can  be  designed  that  work  10  times  faster  than  ever  before.!  This 
important  speed  breakthrough  was  made  possible  through  an  exclusive  bonding  process  devel¬ 
oped  by  Hughes  research.  The  result  is  a  low-capacity  diode  that  completely  solves  the  storage¬ 
time  problem.! The  HD-5000  Diode  Series  is  available  now  from  Hughes.  Call  your  local  Hughes 
Semiconductor  sales  engineer  or  distributor.  Or  write  Hughes  Semiconductor  Division,  Marketing 
Department,  500  Superior  Avenue,  Newport  Beach,  California,  For  export  write:  Hughes  Inter¬ 
national,  Culver  City  5,  California  crMtm* .  n.w 


IF«1V 

Es«10OmA 

*.-5V 

Recovary 

Type 

(mA) 

(vorts) 

®25*C 

R'OO-C 

n  sac. 

HD  5000 

5 

20 

0.2 

2Xi 

<0.5 

HD  5001 

5 

20 

1.0 

10.0 

<0.5 

HO  5002 

2 

20 

0.2 

2.0 

<0.5 

HD  5003 

2 

20 

1.0 

10.0 

<0.5 

HD  5-304 

2 

15' 

1.0 

20.0 

<0.5 

Th«  r«cov«ry  circuit  uSM  a  high-spead  sampitno  scopa 
and  attachmants.  Tha  switching  is  10  mA  torAard  to  6V 
raversa:  recovar  to  1mA  revarsa.  Loop  impadanca  is  100 
ohrns.  Typical  capacitanca:  O.B  pt.  Typ.cal  ractification 
atficiancy:  60%  at  100  Me. 
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SEMICONDUCTOR  DIVISION 

HUCHCS  AIRCRAFT  COMPANY 


The  Tactical  FIELDATA  Computer  Designed  and  Built  by  Philco 


Basicpac  is  a  rugged,  mobile,  solid  state  data  processing 
system,  being  developed  by  Philco  in  conjunction  with 
the  U.S.  Army  Signal  Corps  for  use  in  forward  area  tacti¬ 
cal  situations. 

This  unique  development  is  directed  towards  an  inte¬ 
grated  automatic  data  processing  system  for  the  entire 
field  army  ...  in  logistics,  administration,  intelligence, 
command  support  and  fire  support.  Basicpac  can  be 
transported  and  operated  in  an  S-109  shelter  mounted  on 
a  2i  _)-ton  truck  or  operated  from  a  fixed  installation. 

In  the  development  of  Basicpac,  Philco  made  full  use 
of  the  most  advanced  techniques  in  solid  state  circuitry 
and  semiconductor  components.  The  goal  is  a  compact 
general  purpose  data  processing  system  that  will  be 
rugged,  flexible,  reliable,  easy  to  operate  and  maintain 
under  the  severe  conditions  of  field  operation. 

Communications  and  Weapons  Division  •  Communications  Systems 
Division  •  Computer  Division  •  Sierra  Electronic  Division  • 
Western  Development  Laboratories 


Basicpac  is  capable  of  handling  such  diverse  applica¬ 
tions  as  weapon-target  allocation,  converting  raw  surveil¬ 
lance  and  intelligence  data  into  effective  decision  making 
forms  and  providing  logistics  and  other  administrative 
support  activities  in  combat. 

Basicpac  will  be  delivered  in  December  to  the  U.S. 
Army  Signal  Research  and  Development  Laboratory  for 
final  acceptance  testing. 

Basicpac  represents  still  another  major  achievement 
by  Philco  that  will  help  to  make  the  U.S.  Armed  Forces 
the  most  efficient  and  capable  fighting  group  in  the 
world  today. 

Government  and  Industrial  Group,  Philadelphia 44,  Pennsylvania 
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The  world-famous 

AEROCOM  1046 
TRANSMITTER 

1000  W  CARRIER  POWER 
WITH  HIGH  STABILITY 


The  Aerocom  1046  Transmitter  is 
designed  to  give  superior  perform¬ 
ance  for  all  point-to-point  and 
ground-to-air  communications.  It 
is  now  in  use  throughout  the  world 
in  climates  ranging  from  frigid  to 
tropical  (operates  efficiently  at 
—35°  to  +55°  Centigrade). 

As  a  general  purpose  High  Fre¬ 
quency  transmitter,  the  1046  sup¬ 
plies  1000  watts  of  carrier  power 
with  high  stability  (above  —10° 
Centigrade:  ±  .003%  for  telegraph 
and  telephone.  Temperature  con¬ 
trolled  oven  for  FSK).  Multi¬ 
channel  operation  is  provided  on 


telegraph  Al,  telephone  A3  and 
FSK  (Radio  Teletype).  It  can  be 
remotely  controlled  using  one  pair 
of  telephone  lines  plus  ground 
return  with  Aerocom  Remote 
Control  Equipment.  Front  panel 
switches  and  microphone  are  in¬ 
cluded  for  local  control. 

Four  crystal-con troUed  frequen¬ 
cies  (plus  2  closely-spaced  fre¬ 
quencies)  in  the  2.0  -  24.0  mega¬ 
cycle  range  can  be  used  one  at  a 
time,  with  channeling  time  only 
two  seconds.  Operates  into  either 
balanced  or  unbalanced  loads. 
The  power  supply  required  is 
nominal  230  volts,  50  -  60  cycles, 
single  phase. 

The  housing  is  a  fully  enclosed 
rack  cabinet  of  welded  steel,  force- 
ventilated  through  electrostatic 
filter  on  rear  door. 

Telegraph  keying  (Al):  Up  to 
100  words  pier  minute.  Model  1000 
M  Modulator  (mounts  in  trans¬ 


mitter  cabinet)  is  used  for  tele¬ 
phone  transmission;  a  compression 
circuit  permits  the  use  of  high 
average  modulation  without  over¬ 
modulation.  Model  400  4  Channel 
exciter  is  used  for  FSK. 

Output  connections  consist  of 
4  insulated  terminals  (for  Mar¬ 
coni  antenna)  and  4  coaxial  fit¬ 
tings  Type  SO-239,  which  can  be 
used  separately  or  in  parallel  in 
any  combination.  For  600  ohm  bal¬ 
anced  load.  Model  TLM  match¬ 
ing  network  is  used,  one  for  each 
transmitter  channel. 

As  in  all  Aerocom  products, 
the  quality  and  workmanship  of 
Model  1046  are  of  the  highest.  All 
components  are  conservatively 
rated.  Replacement  parts  are  al¬ 
ways  available  for  all  Aerocom 
equipment. 

Complete  technical  data  on 
Aerocom  Model  1046  available 
on  request. 


AER| 

gig 

[com 

1  3090  S.  W.  37th  AVENUE 

MIAMI  33,  FLORIDA  | 
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HERE'S  ONE  WAY  TO  SOLVE  SERVO  'HUNTING'  PROBLEMS... 


WIRE-WOUND  POT.  METALLIC  DUST  (A),  CREATED  BY  WEARING  DOWN  OF  OSCILLATING  GEARS  (B)  IN 
“HUNTING”  SERVO  SYSTEM.  FALLS  UPON  HEAD  OF  OFFICE  DOG  (C).  DOG  ENJOYS  PLEASANT  SENSATION 
AND  PROCEEDS  TO  HAPPILY  WAG  TAIL  STRING  AHACHED  TO  DOG’S  TAIL  RUNS  AROUND  PULLEY  WHEa  . 
(D)  AND  ACTUATES  TRIGGER  OF  “AUTOMATIC  GAIN  KIUER”  (E)  AHACHEO  TO  AMKIFIER  (P).  [FIRST 
STEP  IN  REDUCING  SERVO  HUNTING.]  PROJECTILE,  AFTER  LEAVING  AMKIFIER,  BREAKS  STRING  (6) 
THEREBY  AaOWING  DRUM  (H).  FIUED  WITH  SPECIAL  VISCOUS  DAMPING  aUlD,  TO  TILT  FORWARD. 
aUlD  aows  into  trough  (I).  damping  paddle  WHEa  (J)  takes  effect.  [SECOND  STEP  IN  REDUC¬ 
ING  SERVO  HUNTING.]  EXCESS  aUlD  ON  PADDLE  WHEa  DRIPS  INTO  RESERVOIR  (PAINT  CAN-K), 
THEN  PASSES  THROUGH  FUNNa  (L)  INTO  aUlD  aUTCH  (Ml)  CONNECTING  SCIENTIFICALLY  SaECTED 
INERTIAL  LOAD  (GENUINE  MILLSTONE,  ON  LOAN  FROM  SMITHSONIAN  INSTITUTE-N.)  [FINAL  STEP  IN 
REDUCING  SERVO  HUNTING.]  IF  SYSTEM  STIU  “HUNTS”-ENGINEER  THROWS  EMERGENCY  SWITCH  (O) 
ACTIVATING  HAND  (P)  WHICH  PRESSES  TRAP  DOOR  RaEASE,  DUMPING  ENTIRE  SYSTEM  INTO  LOCAL 
RIVER  (NOT  SHOWN).  HAND  (Q)  PROCaDS  TO  DIAL  C.I.C.’S  PHONE  NUMBER  (IVANHOE  3-S200)  FOR 
AN  INFINITE  RESOLUTION  “NON-HUNTING”  FILM  POT. 


BUT  THE  BEST  WAY  YET... 

Use  Ca  la  Ca  Film  Pots  for  High  Performance  Servo  Systems! 


Not  only  do  C.  I.  C.  Film  Pots  offer  the  infinite  resolution 
necessary  to  eliminate  servo  hunting  problems,  but  they 
guarantee  you  the  greatest  linearity  possible  in  any  given 
size  or  diameter.  They  provide  the  reliability  inherent  in  a 
single  broad  band  film  element  as  opposed  to  the  high 
failure  rate  of  today’s  wire  wound  pots.  C.I.C.  Film  Pots 
do  even  more... They  actually  run  as  high  as  1000  rpm 
and  still  retain  reliability,  while  assuring  many  millions  of 
cycles  of  operation. 
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Down  in  Lubbock,  Texas  he  hasn't  missed  a  shot  for  over  12,800  hours! 

» 

Every  time  he  pulls  the  trigger  the  sound  is  brought  faithfully  to  KDUB-TV  viewers  by  a  pair  of  Eimac 
4W20,0(K)A  tubes.  According  to  KDUB’s  Chief  Engineer  Rudy  Starnes,  each  tube  has  more  than  12,800 
hours  in  aural  power  output  under  its  belt  and  is  still  going  strong!  At  the  same  station,  two  other  Eimac 
4W20,OOOA’s  have  each  delivered  over  8,000  hours  in  visual  service  and  are  still  going  great  guns!  Records 
to  shoot  for— but  typical  of  wbat  you  can  expect  from  Eimac  . . .  the  most  advanced  name  in  negative  grid 
tubes,  microwave  tubes,  amplifier  klystrons.  Eitel- McCullough,  Inc.,  San  Carlos,  California. 


T3rpical  Operation  Eimac  4W20,000A.  The  water-cooled, 
ceramic  and  metal  4W20,000A  has  coaxial  terminals  and  a  long¬ 
life  unipotential  thoriated  tungsten  cathode  heated  by  electron 
immhardment.  Its  maximum  plate  dissipation  rating  is  20kw. 
You'll  also  find  it  ideal  for  use  in  radar  picket-ship  duty  deliver¬ 
ing  750kw  (^4  megawatt)  pulse  output. 


Froquoncy 

Plot* 

Voftopo 

Plot* 

Curronf 

Usofuf 

Powof  Output 

FM  Amplifier 

220 

7  kv 

3.4  omps 

13  kw 

TV  Amplifipr 

216 

7  kv 

6.0  ompt* 

25  kw* 

PuIm  RF  Amp 
(Rodor) 

230 

25  kv 

60  ampt 

750  kw 

PwltP  Modulator 

20  kv** 

300  pmpt 

3  Mw 

•Paok  Sync  “SOky  In  oil 


noflotlva  grid  lubos  •  mlcrowova  tubot  *  ampliflor  klystron! 
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Reliability  in  volume... 


CLEVITE 

TRANSISTOR 
WALTHAM,  MASSACHUSETTS 


Li 


DIFFUSED 

SILICON 

RECTIFIERS 


Clevite’s  rectifiers  find  broad  use  as  general  purpose 
diodes  in  computers  and  as  rectifiers  in  magnetic 
amplifiers,  dc  to  dc  converters  and  power  supplies. 

They  are  particularly  useful  in  airborne  applications 
where  switching  of  equipment  may  generate  high  volt¬ 
age  transients  in  the  line  which  would  burn  out  ordinary 
diodes.  Designed  for  maximum  reliability,  Clevite  recti¬ 
fiers  provide  high  dissipation  —  600  mw  .  .  .  high  voltage 
—  up  to  600  V  .  .  .  high  temperature  —  up  to  150  ma 
at  150  C. 

Where  fast  switching  is  not  required,  these  rectifiers 
offer  definite  advantages  in  size,  costs  and  superior 
overload  protection.  They  are  available  in  military  types 
conforming  to  MIL-E-1  1143  (USAF). 

Send  for  bulletin  B217-3B 


H 


I 

I 


fun  UAII  P  Speer  special  resistors  are  made  in  a  special  way  by  a  special  process,  but  they  solve  many  of 
I  III  ^IIIJ  ■  the  problems  that  are  standard  in  electronics. ..problems  of  design. ..size. ..shape. ..fabrication. 

Note  the  ends.  Speer  special  resistors  are  made  by  a  unique,  patented*  process  whereby  metal  face  ends  are  molded 
integrally  with  the  resistor  body  to  provide  excellent  contact.  They  can  be  made  in  many  shapes. ..as  tubes,  rods, 
discs,  thin  plates. ..in  circular  or  rectangular  shapes,  miniature  in  size,  if  desired.  They  are,  in  short,  adaptable  to  many 
design  requirements.  The  ends  are  made  for  easy  solderability,  but  they  can,  of  course,  be  provided  for  pressure  connec¬ 
tions  or  other  modes  of  fastening. 

Speer  special  resistors  are  presently  being  used  for  new  design  freedom  by  manufacturers  of 
such  varied  items  as  automotive  horns,  fuses,  electric  blankets,  lightning  arrestors  and  control 
units.  Perhaps  they  can  solve  your  problems,  too.  Why  not  give  us  a  call?  We’ll  be  glad  to  supply 

further  details.  *U.t.  PATCNT  CANAOUUI  MTCHT  MMM 

Other  Electronics  Divisions  of  Speer  Carbon  Company-ieffers  Electronics,  Du  Bots,  Pa.  •  Onondaga  Electronics.  Syracuse,  N.  Y. 


SPEER 

RESISTOR 

DIVISION 


Speer  Carbon  Company 
■radford,  Penniyivania 
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Proof  test  model  of  Ranger  /  and  II  instrument  payload  undergoing  test 
at  Cal  Tech’s  Jet  Propulsion  Lab 


Space  Plans 
For  Next  Decade 
Require 

Major  Design  Gains 

Exploration  of  the  moon  and  planets  will  require 
special  instruments,  communications  and  data- 
processing  equipment.  It  all  must  resist  high  tem¬ 
peratures  and  impact  shock.  Here's  a  rundown 
on  space  plans  for  the  next  10  years 

By  HAROLD  C.  HOOD 


Paciflc  Coast  Editor 


PASADENA,  CALIF.  —  Both  the  Na¬ 
tional  Aeronautics  and  Space  Ad¬ 
ministration  and  its  contractor,  Cal 
Tech's  Jet  Propulsion  Laboratory 
are  banking  on  electronics  inge¬ 
nuity  to  back  up  their  lunar  and 
planetary  exploration  plans  for  the 
1960’s.  Technical  capabilities  for 
accomplishing  some  of  the  assign¬ 
ments  do  not  now  exist,  but  pro¬ 
gram  directors  believe  technology 
will  catch  up  in  time. 

Upcoming  lunar  shots  include 
Ranger  I  and  II,  scheduled  for  the 
latter  half  of  1961;  Ranger  III,  IV 
and  V  in  1962;  Surveyor  during 
1963-1965;  and  Prospector  in  1966. 
Atlas  Agena  B  vehicles  will  be  used 
for  all  Ranger  launchings.  Boosters 
for  Surveyor  and  Prospector  will  be 
Centaur  and  Saturn,  respectively. 

Planetary  shots  include  those 
called  Mariner,  to  be  boosted  by 
Centaur  rockets  and  those  called 
Voyager  using  Saturn  vehicles.  Two 
Mariner  missions  are  slated  for 
1962.  First  is  a  Venus  fly-by,  to  be 
followed  by  a  deep-space  probe.  Ini¬ 
tial  try  at  Mars  will  be  in  1963,  fol¬ 
lowed  by  Venus  shots  in  1964  and 
1965. 

The  Voyager  spacecraft  is  an  ex¬ 
tension  of  Mariner.  It  will  make 
developmental  sorties  to  Venus  in 
1965,  followed  by  a  flight  out  of  the 
earth’s  orbital  plane  in  1968.  Year 
1970  is  the  target  date  for  a  Mer¬ 
cury  or  Jupiter  fly-by.  Venus  shot 
will  be  powered  by  Saturn  C-1,  W’ith 
Saturn  C-2  being  used  in  subse¬ 
quent  missions. 

Primarily  for  evaluation  of  the 
spacecraft  vehicle  configuration. 
Ranger  I  will  help  scientists  evalu¬ 
ate  spacecraft  configuration.  It  will 
have  a  highly  eliptical  earth-satel¬ 
lite  orbit  with  a  650,000-mile  apogee. 
Present  plans  call  for  Ranger  II  to 
come  within  4,000  miles  of  the 
moon.  A  midcourse  guidance  sys¬ 
tem  carried  on  Ranger  III  will  en¬ 
able  it  to  modify  its  trajectory  after 
17  hours  of  flight  and  thus  hit  the 
desired  impact  point  on  the  moon. 
Rangers  III,  IV  and  V  will  have  de¬ 
tachable  instrument  capsules  for 
moon  landings.  Each  Ranger  vehi¬ 
cle  will  be  space-stabilized,  with  an 
attitude  sensor  keeping  its  primary 
axis  pointed  directly  at  the  sun. 
Thus,  maximum  energy  will  be 
picked  up  by  solar  cell  panels  that 
fold  out  perpendicular  to  primary 
axis.  A  motorized,  high-gain  direc- 


electronics 
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tional  antenna  searches  for  and 
locks  onto  the  earth  shortly  after 
launch.  After  Ranger  III,  IV  and 
V  vehicles  go  through  midcourse 
maneuver,  the  antenna  again  seeks 
and  locks  onto  earth.  Primary  axis 
remains  pointed  at  the  sun  until 
shortly  before  capsule  is  jettisoned, 
at  which  time  the  capsule  and  vehi¬ 
cle  home  on  the  moon  and  point  at 
approximate  impact  point. 

In  an  exclusive  interview  with 
Electronics,  chief  of  JPL’s  space 
instruments  section  Raymond  L. 
Heacock  stated  that  the  instrument 
package  for  Ranger  I  and  II  w’ill 
weigh  slightly  over  50  lb  and  will 
contain  eight  scientific  experiments 
designed  to  obtain  information  on 
magnetic  fields,  charged  particles, 
solar  X-rays  and  micrometeorites  in 
interplanetary  environments. 

(1)  The  solar  corpuscular  radia¬ 
tion  experiment  will  use  electro¬ 
static  analyzers  for  studying  quan¬ 
tity,  energ>’  ranges  and  direction  of 
flow'  of  solar  plasma  particles.  Six 
open-mouth  analyzers,  pointed  at 
right  angles  in  the  six  directions  of 
space,  will  collect  electrons  and  pro¬ 
tons  in  the  energy  range  from  10 
to  100  e-v  electrons  to  10  to  5,000 
e-v  protons.  The  detectors,  one  of 
which  points  directly  at  the  sun,  are 
packaged  in  three  boxes  and  use 
curved-plate  electrostatic  focusing 
systems.  Charged  particles  of  ap¬ 
propriate  energies  entering  the  an¬ 
alyzer  are  picked  up  on  a  charge¬ 
collecting  plate,  the  current  to 
which  is  sen.sed  with  a  transi.stor- 
ized  vibrating-reed  capacitor  elec¬ 
trometer. 

Thermonic  diodes  are  u.sed  in  a 
feedback  system  for  dynamic  range 
compression  and  seven  decades 
from  10“*  to  10'“  amp  are  covered. 
Total  power  requirement  of  the  six 
detectors  is  three  watts. 

(2)  The  medium-energy  particle 
experiment  will  u.se  three  different 
types  of  detectors.  The  range  of 
one  model,  using  the  photoconduct¬ 
ing  characteri.stics  of  cadmium  sul¬ 
fide  crystals  and  supplied  by  Uni¬ 
versity  of  Iowa’s  Van  Allen,  will 
slightly  overlap  the  upper  proton- 
energ>'  area  of  .solar-particle  experi¬ 
ment.  Since  medium-energy  parti¬ 
cles  impinging  upon  the  crystals 
have  the  same  effect  as  light,  a  re¬ 
sistance  modulation  as  a  function 
of  particle  flux  and  energy  may  be 
obtained.  A  second  detector,  cover¬ 


ing  the  range  from  0.5  to  10  Mev 
protons,  and  developed  by  Univer¬ 
sity  of  Chicago’s  Simpson,  is  a  gold- 
silicon  solid-state  device.  Third  de¬ 
tector  is  a  mica-window,  thin-walled 
Anton  213  Geiger-Mueller  tube,  also 
built  under  the  supervision  of  Dr. 
Van  Allen.  Electron  cut-off  in  this 
device  is  at  30  Kev,  slightly  higher 
for  protons.  In  Ranger  II,  a  second 
Geiger  tube  w’ill  replace  a  cadmium- 
sulfide  detector.  The  tubes  w’ill  be 
mounted  at  90  degrees  to  each  other 
to  sense  directionality  of  flow  of 
particles. 

(3)  The  ionization  chamber  ex¬ 
periment  will  measure  proton  parti¬ 
cle  energy  ranges  in  excess  of  10 
Mev.  Instrument  was  developed 
by  CalTech’s  Neher,  and  is  an 
energy-flux  measuring  device.  The 
charge  on  a  quartz  fiber  is  reduced 
as  particles  ionize  gas  within  the 
chamber  and  the  fiber  ultimately  re¬ 
charges  itself.  It  is  the  tick  of  the 
charging  current  that  is  counted 
and  provides  a  highly  accurate  in¬ 
crement  of  total  energy. 

(4)  The  triple-coincidence  cos¬ 
mic-ray  tele.scope  experiment  will 
get  an  accurate  determination  of 
particle  density  of  low-energ>’  cos¬ 
mic  rays  or  energetic  particles  from 
the  sun.  Spectrum  differentiation 
is  obtained  by  using  one  assembly 
w'ith  a  10-Mev  low-energy  thresh¬ 
old,  and  another  with  a  75-Mev 
threshold.  Seven  semi-proportional 
counter  tubes  are  mounted  in  two 
groups  of  three  and  a  single  center 
tube.  To  register  a  triple  count, 
particle  must  enter  three  tubes  in 
coincidence.  By  isolating  the  center 
tube  count  from  the  triple  count, 
secondary  radiation  effects  may  be 
eliminated. 

(5)  The  magnetometer  experi¬ 
ment  will  measure  magnetic  fields 
in  space.  This  extremely  sensitive 
rubidium-vapor  instrument  can 
measure  thresholds  from  less  than 
1  gamma  to  100  gamma.  The  mag¬ 
netic-field  measurements  will  be  cor¬ 
related  with  the  low-energy  particle 
measurements. 

Ranger  will  be  the  first  space- 
stabilized  craft  to  fly  a  magnetom¬ 
eter.  Care  must  be  taken  in  select¬ 
ing  shielding  materials  u.sed  in  con¬ 
struction  and  in  the  la.vout  of  w’ir- 
ing  .so  that  magnetic  effects  on  the 
magnetometer  are  negligible.  In¬ 
strument  is  mounted  as  far  away 
from  main  body  of  vehicle  as  pos¬ 


sible  to  minimize  these  effects. 
Goddard  Space  Flight  Center  is  the 
cognizant  agency  and  Varian  Asso¬ 
ciates,  the  fabricator. 

(6)  The  Lyman- Alpha  telescope 
experiment  is  focused  to  take  a 
picture  of  earth  at  Lyman-Alpha 
frequency  to  determine  whether 
there  is  a  neutral  hydrogen  cloud 
encompassing  the  earth.  System  is 
servo-slaved  to  the  spacecraft’s 
high-gain  directional  antenna. 
Telescope  will  perform  a  mechan¬ 
ical  20-line-raster  scan  of  the 
earth.  A  digital  stepper  motor 
steps  each  line  after  it  has  been 
scanned  twice,  once  at  low  gain 
sensitivity  and  again  at  high  gain. 
Naval  Research  Lab  is  supplying 
the  detection  cell  and  JPL  the  tele¬ 
scope  package,  including  the  me¬ 
chanical  .scanning  servo  system  and 
amplifier  to  go  with  the  detection 
cell. 

(7)  The  interplanetary  dust  ex¬ 
periment  will  measure  number,  size 
and  energj’  level  of  micrometeor¬ 
ites.  Equipment  will  include  a 
scintillation  system  using  a  multi¬ 
plier  photo-tube  in  addition  to  the 
usual  microphone. 

(8)  The  X-ray  radiation  experi¬ 
ment  will  inve.stigate  the  possibility 
of  detecting  an  atomic  explosion  on 
earth’s  surface  from  .space.  Code- 
worded  Vela  Hotel,  this  experiment 
is  being  supervised  by  the  Atomic 
Energy  Commission’s  Los  Alamos 
Lab. 

Equipment  for  a  .secondary  ex¬ 
periment  includes  a  rotating  metal 
platter  contacted  by  several  metal 
fingers.  It  will  investigate  the 
effect  of  space  vacuum  on  coefficient 
of  friction  of  various  materials  for 
optimum  selection  of  materials  for 
moving  parts  in  future  spacecraft. 

Since  Ranger  I  and  II  will  each 
carry  over  15  instruments  for  its 
eight  experiments,  a  data  handling 
system  will  be  required.  All  ex¬ 
perimental  data,  except  for  Lyman- 
alpha  and  magnetometer  data,  will 
be  processed  for  commutation  onto 
three  binary  telemetr.v  channels. 
These  are  non-standard  deviation 
channels  using  a  four-cycle  fre¬ 
quency  shift  for  a  binary  1. 

Analog  outputs  from  the  six  solar 
corpuscular  detectors  are  sampled 
simultaneously,  encoded  into  seven- 
bit  digital  words  in  a  half  second, 
split  into  two  groups  of  three,  and 
during  a  nine-second  integrating 


December  16,  1960 


39 


Cold-tenting  Ranger  capsule  to  he  landed  on  moon.  Test  takes  place 
at  Fore'  Motor  Co.’s  Aeronutronic  division 


interval,  commutated  out  onto  two 
of  the  binary  channels.  The  experi¬ 
ment’s  package  goes  through  12 
discreet  energy  levels  and  the  out¬ 
put  reading  for  each  level  is  tele¬ 
metered  each  nine  seconds  with  a 
nine-second  interval  for  analyzer 
recovery. 

Output  data  from  all  other  ex¬ 
periments  is  of  the  pulse-rate  type, 
and  is  put  into  14-bit  word  accu¬ 
mulators,  which  in  turn  are  .sam¬ 
pled  into  a  shift  register  and 
clocked  onto  the  third  telemetry 
channel  once  each  minute.  Ranger 
III,  IV  and  V  vehicles  will  accom¬ 
modate  a  different  set  of  experi¬ 
ments,  mid-course  guidance  sy.stem 
and  motor,  and  a  survivable  capsule. 
Shortly  before  leaving  the  space¬ 
craft  (called  the  bus),  the  capsule 
will  be  spun  up  by  small  spin  rockets 
for  directional  .stabilization  during 
its  descent  to  the  moon.  Spherical 
capsule  is  made  of  balsa  for  maxi¬ 
mum  shock  absorption  upon  impact. 
Separation  from  parent  craft  is 
triggered  by  altimeter  developed  by 
Ryan  Electronics. 

After  jettisoning  its  capsule,  the 
bus  will  go  to  3,000-mph  destruction 
on  surface  of  mewn.  A  retrorocket, 
actuated  in.  the  capsule  as  it  ap¬ 
proaches  the  moon,  eases  capsule 
impact  velocity  to  less  than  200 


mph.  Scientific  experiments  to  be 
carried  in  the  bus  are  two-fold: 

(1)  A  vidicon  television  experi¬ 
ment  will  obtain  pictures  of  moon’s 
surface.  Tliis  200-line- raster  .sys¬ 
tem,  developed  by  RCA,  uses  a  slow 
scan  tv  and  a  storage-type  vidicon, 
and  will  take  between.  10(>  and  200 
pictures  with  .steadily  increasing 
re.solution.  as  mooa  is  approached. 
Last  picture  before  impact  is  ex¬ 
pected  to  have  a  surface  resolution 
of  3  to  4  meters  and  should  have 
useful  details  of  snoon’s  surface  tex¬ 
ture.  One  picture  will  be  taken 
every  13  seconds.  Transmission 
time  for  each  is  10  seconds,  allow¬ 
ing  three  seconds  of  telemetry  time 
for  other  .scientific  and  engineering 
information.  Fir.st  picture  will  be 
taken  4,000  Km  from  moon’s  sur¬ 
face  so  that  impact  peiht  can  be 
identified  photographically. 

(2)  The  gamma-ray  .spectrom¬ 
eter  experiment  will  analyze  the 
surface  of  the  moon.  Gamma  radi¬ 
ation  will  be  measured  from  mid¬ 
course  maneuver  to  impact.  JPL 
.scientists  hope  to  determine 
whether  isotopes  of  uranium, 
thorium  and  potassium  exist  on  the 
moon  in  the  same  proportions  as  on 
the  earth.  Background  counts  in 
space  will  be  taken  and  subtracted 
from  total  to  get  only  those  due  to 


lunar  composition.  Spectrometer 
has  a  32-channel  analyzer,  devel¬ 
oped  by  Radiation  Instrument  De¬ 
velopment  Laboratory  of  Chicago, 
that  sorts  the  energies  of  particles 
coming  into  system  to  isolate  the 
various  isotopes.  Equipment  in¬ 
cludes  a  large  .scintillation  crystal 
with  pho.switch  (a  pla.stic  material 
which  filters  out  certain  types  of 
rays  and  in  which  crystal  is  en- 
ca.sed),  multiplier  photo-tube,  high- 
voltage  supply  discriminator  and 
multichannel  analyzer.  Ford’s  Aero¬ 
nutronic  division  is  developing  the 
capsule.  These  instruments  are 
expected  to  survive  the  impact  of 
landing  on  the  moon:  a  sei.smom- 
eter,  amplifier,  voltage-controlled 
oscillator,  transmitter  and  tempera¬ 
ture  control  equipment. 

Purpose  of  the  seismometer  is  to 
determine  lunar  .seismic  activity, 
the  incidence  and  energy  of  mete- 
roic  impact  on  the  moon,  and  to 
give  an  indication  of  the  thermal 
stressing  on  the  moon  as  it  goes 
through  its  day-to-night  transition. 
The  capsule  transmitter  is  a  low- 
power  system  since  the  seismometer 
data  varies  in  frequency  from  0.05 
to  5  cps.  Low-power  communica¬ 
tion  makes  possible  60  to  90  days  of 
battery-'powered  operation.  Early 
models  of  the  seismometer,  devel¬ 
oped  by  CalTech  and  Columbia’s 
Lamont  Labs,  have  survived  5,000g 
deceleration  in  helicopter  drops. 

Surveyor — Because  of  the  in¬ 
creased  available  weight  and  capac¬ 
ity  for  decision  and  control  devices 
and  advanced  retrorocket  system. 
Surveyor  is  expected  to  ease  its  in¬ 
strument  package  to  the  moon’s 
surface  at  less  than  30  mph.  Scien¬ 
tific  experiments  will  involve  physi¬ 
cal  and  chemical  analysis.  Under 
study  by  various  contractors  are 
techniques  using  advanced  seis¬ 
mometers  and  gravity  measuring 
devices.  X-ray  diffraction  for  min¬ 
eral  analysis,  and  X-ray  fluore.se- 
ence,  neutron  activation,  proton 
bombardment,  mass  spectrometers 
and  gas  chromotography  for  ele¬ 
mental  analysis. 

Even  with  a  30-mph  landing, 
instruments  will  be  subjected  to 
shocks  in  excess  of  what  presently 
available  models  can  survice.  Re¬ 
quired  control  devices  to  guarantee 
a  completely  -soft  landing  are  with¬ 
in  the  present  state-of-the-art,  but 
their  inclusion  in  the  spacecraft 
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would  decrease  the  instrument  pay- 
load  weight  to  almost  zero. 

Prime  Surv'eyor  spacecraft  s*udy 
contractors  are  McDonnel  Aircraft, 
Hughes,  Space  Technology  Labs 
and  North  American  Aviation. 
From  the  four  approaches,  JPL  will 
select  the  one  it  considers  best,  and 
the  prime  contract  for  the  space¬ 
craft  will  go  to  the  submitting 
company. 

Besides  having  responsibility  to 
study  the  overall  system  injected 
into  trajectorj’  to  the  moon,  the 
Centaur  soft  landing  system  and 
any  midcourse  guidance  system  re¬ 
quired,  these  four  companies  were 
asked  to  include  studies  on  lunar 
drilling  problems  and  area  survey¬ 
ing  equipment.  The  latter  will  be 
a  tv  system  capable  of  looking  at 
lunar  surface  with  millimeters  of 
resolution,  so  that  grain  size  of 
materials  can  be  determined.  At 
the  same  time,  it  must  be  able  to 
survey  the  surrounding  area  to  the 
horizon,  using  telescopic  capabil¬ 
ities. 

Subsurface  physical  and  chemical 
analysis  calls  for  drilling  a  hole  ap¬ 
proximately  four  feet  deep  in  the 
moon’s  surface  and  in.strumenting 
the  hole.  Drilling  equipment  was 
included  in  the  prime  study  con¬ 
tracts  so  that  the  device  selected 
would  be  compatible  with  space¬ 
craft  re.strictions.  Answers  sought: 
What  are  the  chemical  constituents 
of  lunar  material  as  a  function  of 
depth?  What  are  the  physical 
properties  of  the  material?  Also  to 
be  determined  are  the  thermal 
gradient  from  surface  to  bottom  of 
hole,  velocity  propagation,  dielectric 
constant  and  magnetic  permeability 
of  materials.  JPL  is  aware  of  the 
vast  number  of  techniques  that  may 
be  applied  to.  instrumenting  the 
hole.  Fourteen  companies,  out  of 
54  which  submitted  bids,  now  have 
study  contracts. 

Communications  systems  will  be 
similar  to  that  used  for  Ranger, 
using  the  same  Deep  Space  Instru¬ 
mentation  Facility  network. 

Prospector — This  project  will  use 
extensions  of  principles  developed 
for  Surveyor,  will  have  added  capa¬ 
bilities  inherent  with  greater 
weight  availability.  A  completely 
soft  landing,  roving  exploratory 
lunar  surface  vehicle  and  spacecraft 
to  return  samples  to  earth  will  be 
added  features  of  Prospector.  Rov- 


EYE  TEST 
FOR  RADAR 


B&L  optical-electronic-mechanical  capabilities 
assure  accuracy  in  missile  tracking  system 


The  strength  of  our  missile  defense  program  depends 
in  part  on  extreme  accuracy  of  radar  tracking. 

Bausch  &  Lomb  has  developed  a  camera  lens 
for  boresighting  a  radar  antenna — in  essence,  this  lens 
checks  the  performance  of  radar  just  as  one’s 
vision  is  checked  in  an  eye  examination. 

Accuracy  of  this  lens  system  easily  meets  the  most 
extreme  requirements. 

The  same  skills  that  made  possible  this  missile  track 
radar  camera  lens  are  available  to  assist  on  your  project. 
Write  us  for  full  details.  Bausch  &  Lomb  Incorporated, 
Military  Products  Division,  99712 Bausch  St, 

Rochester  2,  N.  Y. 
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In  early  1960,  American  craft  pierced  the  North  Pole  in  two  elements.  Fathoms  below  solid  ice,  the  USS  Sargo 
probed  unerringly  to  i‘‘90  North”;  miles  above,  a  GAM-77  missile  on  a  B-52  pinpointed  the  featureless  goal.  Both 
used  Inertial  Navigation  systems  by  Autonetics— where  today’s  results  pave  the  way  for  tomorrow’s  breakthroughs. 


Electromechanical  Systems  by 


Autonetics 


Division  of  North  American  Aviation 
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Instrument  section  for  Ranger  I  and  II  (JPL) 


ing  vehicle  will  have  tv  cameras  t<» 
show  earth-bound  operator  where 
it  is  going,  and  to  permit  circum¬ 
vention  of  physical  obstacles.  It 
will  carrj'  materials  analysis  instru¬ 
ments  and  material  sampling  de¬ 
vices.  Whereas  Surveyor  can  ex¬ 
plore  only  the  area  near  where  it 
touches  down.  Prospector  will  be 
able  to  move  around  and  sample 
different  .sections  of  the  moon’s 
topography.  Sample-return  vehi¬ 
cles  will  probably  be  guided  to  earth 
by  radio  commands  based  upon 
DSIF  tracking. 

Mariner — NASA’s  practice  is  to 
give  lunar  shots  names  designating 
exploration  on  the  ground  and  use 
nautical  terms  for  its  planetary 
vehicles.  Fir.st  shot  in  the  latter 
category  is  the  Mariner  shot  to 
Venus  in  1962.  Two  primary  scien¬ 
tific  experiments  of  about  fifteen 
scheduled  to  be  flown  will  use  an 
ultraviolet  spectrophotometer  and 
a  radio-frequency  radiometer.  The 
latter  is  tailored  to  look  at  wave¬ 
lengths  of  4,  8.5,  13.5  and  19  milli¬ 
meters.  To  date,  measurements 
from  earth  indicate  a  temperature 
of  approximately  450°  F  on  Venus, 
and  it  is  hoped  that  the  radiometer 
experiment  will  result  in  more 
accurate  readings  of  the  planet’s 
surface,  various  layers  of  its  atmos¬ 
phere  and  it’s  ionosphere.  Instru¬ 
ments  will  be  able  to  get  informa¬ 
tion  as  a  function  of  latitude  and 
longitude,  scanning  up  and  dow’n, 
as  the  spacecraft  passes  the  planet. 
Three  principal  objectives  of  the 
ultra  violet  spectrophotometer  ex¬ 
periment  are  to  look  for  aurora  and 
for  determination  of  location  of 
Venus’  magnetic  poles;  to  learn 
.something  of  the  chemical  composi¬ 
tion  of  the  planet’s  atmosphere  by 
analyzing  ultraviolet  reflection ;  and 
to  learn  .something  of  Venus’  night 
glow.  The  system  will  scan  the 
dark  side  on  approach,  cross  the 
terminator  and  scan  the  light  side 
of  the  planet. 

Radiometer  and  ultraviolet  spec¬ 
trophotometer  will  be  mounted  on  a 
horizontal  arm  pointed  at  the  planet 
by  an  optical-seeking  system. 

Other  instruments  to  be  carried 
on  this  flight  and  subsequent  deep- 
space  probe  will  include  more 
sophisticated  versions  of  the  Ranger 
I  and  II  charged-particle  experi¬ 
ments.  A  highly  sensitive  solar 
corpuscular  radiation  experiment 
and  additional  low-energy  particle 


detectors,  currently  being  developed 
by  MIT,  University  of  Maryland, 
University  of  Iowa,  University  of 
Chicago  and  Goddard  Space  Flight 
Center  are  proposed. 

A  much  finer  spectrum  break 
down  of  energj'  ranges  will  be  ob¬ 
tained,  using  complex  new  detectors 
in  addition  to  those  in  Ranger. 

Other  experiments  to  be  included 
are  advanced  magnetometer  and 
cosmic-du.st  investigation  packages. 
Magnetometer  will  be  a  two-range 
instrument,  one  for  interplanetary 
space  and  one  for  approach  to 
Venus. 

Venus  was  chosen  for  this  first 
flight  becau.se  the  down  hill  trip 
toward  the  sun  is  easier,  a  factor  of 
two  in  power  efficiency  of  .solar  cells 
is  realized,  and  the  60  million  mile 
distance  as  against  the  100  million 
miles  to  Mars  eases  communications 
problems.  Mariner  1  is  expected  to 
pass  w’ithin  16,800  miles  of  Venus. 
The  trip  will  take  about  three 
months.  Vehicle  attitude  will  be 
similar  to  that  of  Ranger,  with  its 
main  axis  pointing  at  the  sun  and 
its  directional  antenna  homing  on 


the  earth.  To  cojje  with  greater 
communication  distances,  JPL 
hopes  to  change  the  960  Me  DSIF 
system  to  2,300  Me  operation.  Ad¬ 
vantages:  higher  gain,  higher  sig- 
nal-to-noise  ratio,  increased  band¬ 
width. 

Primary  scientific  experiments 
to  be  carried  in  the  first  Mariner- 
Mars  vehicle  will  be  an  infrared 
spectrophotometer  for  examination 
of  organic  life  on  Mars,  and  a  high- 
resolution  tv  system  to  took  at  the 
planet.  Perkin-Elmer  and  Block 
Assoc,  are  performing  studies  to 
determine  the  best  approach  for  the 
former  and  hope  instrumentation 
developed  can  ascertain  whether  the 
dark  areas  of  Mars,  previously  in¬ 
vestigated  by  the  Palomar  200-inch 
tele.scope,  are  actually  vegetation. 

Surface  structure  determination 
is  the  goal  of  the  200  to  500-line  tv 
experiment.  Equipments  for  both 
experiments  will  be  .severely  weight- 
limited,  to  be  compatible  with  the 
50  to  100-lb  instrument-package. 
Experiments  other  than  planet- 
oriented  ones  will  be  similar  to 
those  carried  on  the  first  Mariner 
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it  remain  there  as  the  planet  goes 
around  the  sun  for  one  of  its  years. 
The  satellite  would  be  interrogated 
periodically  to  determine  phenom¬ 
enon  associated  with  change  of 
seasons,  or  change  in  spacial  rela¬ 
tionships.  Additional  capability 
anticipated  would  permit  entering 
the  planet’s  atmosphere  with  a 
survivable  capsule  and  running 
simple  experiments  associated  with 
surface  conditions. 

An  early  experiment  with  Voy¬ 
ager  will  investigate  the  possibility 
of  life  on  Mars.  Techniques  of  cul¬ 
ture  growth  will  be  used  in  conjunc¬ 
tion  with  an  infrared  spectro¬ 
photometer  to  detect  organic  life. 
Samples  of  dust,  injected  into  cul¬ 
ture  media,  will  be  viewed  for  signs 
of  growth.  Another  proposed  exo- 
biological  experiment  consists  of 
using  selected  dyes  on  Martian 
samples  and  viewing  through  a 
slow-scan  tv  microscope  system 
using  an  ultraviolet  light  source. 

Mercury  is  on  JPL’s  li.st  of  places 
to  visit.  Surface  temperature  of 
the  side  continually  facing  the  sun 
is  equivalent  to  molten  lead,  and  the 
twilight  zone  and  dark  side  are 
expected  to  yield  some  interest¬ 
ing  phenomena.  Voyager-Mercury 
spacecraft  will  have  sophisticated 
temperature  control  system,  and 
new  design  techniques  for  elec¬ 
tronic  components,  enabling  them 
to  survive  several  hundred  deg  C 
temperatures,  must  be  developed. 

A  high  priority  experiment  on 
the  Jupiter  .shot  would  be  determi¬ 
nation  of  deadly  radiation  levels 
surrounding  the  planet.  Present 
indications  put  this  at  1,000  times 
that  of  Earth’s  belt. 

Another  subject  eyed  by  JPL 
scientists  is  the  astroid  belt,  the 
origin  and  make-up  of  which  have 
puzzled  astronomers. 

The  feasibility  of  replacing  85- 
foot  antennas  at  Goldstone,  Calif., 
Woomera,  Australia,  and  Krugers- 
dorp,  S.  Africa  by  new  250-foot 
units  is  being  investigated.  Adop¬ 
tion  of  such  a  plan  would  permit 
the  DSIF  net,  using  low  bit  rates, 
to  communicate  to  the  edge  of  the 
solars  system — a  distance  of  4  bil¬ 
lion  miles.  To  make  this  possible, 
communicating  spacecraft  will  be 
equipped  with  high-power  transmit¬ 
ters  and  high-gain  directional  an¬ 
tennas. 

Nuclear  power  sources  will  be 
used  aboard. 


flight  to  Venus. 

Data  handling  system  for  Mari¬ 
ner,  because  of  vast  number  of 
inputs  and  long-distance  communi¬ 
cations  problems,  will  use  a  small 
computer  and  is  far  more  complex 
than  its  Ranger  counterpart.  It 
will  have  a  logic  capability,  greater 
storage  capacity  and  ability  to 
process  .scientific  data  of  varying 
rates,  depending  upon  mode  of 
operation  of  instruments.  For  ex¬ 
ample,  during  a  solar  flare  the 
increased  density  of  cosmic-ray 
particles  make  it  desirable  to  turn 
off  all  radiation  detecting  instru¬ 
ments  except  those  used  for  deter¬ 
mination  of  planet  radiation  belts. 
Data  system  will  have  a  10-bit  pro¬ 
gram  stored  in  it,  and  present  plan¬ 
ning  calls  for  reprogramming  this 
in  flight.  Such  a  system  permits 
use  of  telemetering  devices  with 
relatively  small  dynamic  range. 

Outputs  from  scientific  experi¬ 
ments  will  be  stored  in  the  data 
system  over  24  hours,  and  at  a  de¬ 
termined  time,  will  be  clocked  out 
to  the  communications  system. 
Tran.smission  of  .scientific  data  may 
take  from  one  hour  per  day  to 
several,  depending  upon  activity 
observed.  Remainder  of  the  com¬ 
munications  system’s  time  will  be 
devoted  to  transmitting  engineer¬ 
ing-type  measurements. 

Communication  rate  from  vicin¬ 
ity  of  Venus  is  expected  to  be  a 
maximum  of  60  bits  a  second,  so 
data  that  comes  in  at  1,000  bits  a 
.second  from  multiple  instruments 
will  have  to  be  stored  during  en¬ 
counter  and  transmitted  at  a  re¬ 
tarded  rate.  Storage  of  data  and 
limited  transmission  periods  will 
also  simplify  the  traffic  problem  in 
the  DSIF  network  with,  for  ex¬ 
ample,  Surveyor  and  Mariner  being 
tracked  simultaneously  by  the  three 
85-foot  dishes.  Command  functions 
aboard  Mariner  will  include  those 
of  guidance  and  control  equipment 
as  well  as  to  data-handling  .system. 

Voyager — No  study  contracts 
have  been  let  on  instruments  for 
Voyager  as  yet,  but  in-house  plan¬ 
ing  at  JPL  indicates  some  areas  in 
which  concentration  of  effort  is  ex¬ 
pected.  Venus  and  Mars  will  be 
within  easy  reach  with  this  vehicle, 
and  Mercury,  Jupiter  and  the  ex¬ 
treme  reaches  of  the  solar  system 
will  probably  be  attainable. 

One  hope  lies  in  putting  a  vehicle 
in  orbit  around  a  planet  and  letting 


How 
to  get 
very 
precise 
data... 
anywhere 


Ampex’s  new  CP-100  ideally 
balances  size  and  performance 
in  a  magnetic  tape  recorder.  It 
meets  laboratory  standards  in  all 
the  critical  parameters— cumula¬ 
tive  peak-to-peak  flutter  is  well 
below  0.2%  (60  ips,  300  cps  cut¬ 
off);  ±0.25%  maximum  tape- 
speed  variation;  frequency  re¬ 
sponse  from  DC  to  over  200  kc. 
Yet  it’s  compact  enough  (4.7  cu. 
ft.)  to  go  virtually  anywhere  on 
land,  sea  or  air  where  you  need 
to  recover  critical  data. 


Like  the  rest  of  the  facts?  Write 


AMPEX  DATA  PRODUCTS  COMPANY 

Box  5000  Redwood  City,  California 
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For  Speed  Where  It  Counts  in  New  ‘NLS  30’  Digital  Voltmeters 
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Transistorized  “no-needless-nines”  logic  makes  the  new  V35A  and  V34A  digital  voltmeter-rati- 
ometers  at  least  three  times  faster  than  meters  with  older  type  logic  . . .  and  you  get  this  speed  where 
it  counts,  in  systems  applications  with  varying  input  signals.  The  five-digit  V35A’s  maximum  bal¬ 
ancing  time  is  2.3  seconds  and  the  four-digit  V34A’s  1.9  seconds  —  no  matter  how  much  the  input 
signal  varies.  Under  like  conditions,  all  other  stepping  switch  digital  voltmeters  require  10,  15,  20 
seconds  or  more  —  depending  on  variation  of  inputs.  Only  NLS  new  Series  30  instruments  offer  you 
the  many  other  benefits  of  “no-needless-nines”  logic,  plug-in  oil-bath  stepping  switches,  99%  plug-in 
modular  construction,  and  eight  other  new  features.  Contact  NLS  today  for  the  full  story  on  “no- 
needless-nines”  logic  and  Series  30  instruments. 

V35A  SPECIFICA  TIONS:  Measures  DC  voltage  from  ±0.0001  to  ±999.99,  DC  voltage  ratio  from  ±00.001%  to  ±99.999% 
.  .  .  accuracy:  ±0.01%  of  reading  or  ±1  digit  for  DC  voltage,  ±0.005%  of  reading  or  ± I  digit  for  DC  ratio  . . .  output  and 
internal  automatic  controls  for  data  recording  .  .  .  measures  AC  voltage  and  low-level  DC  with  accessories  .  .  .  completely 
automatic  .  .  .  plug-in  transistor  circuitry  throughout,  including  logic  ...  no  adjustment  needed  to  read  noisy  signals  or  to 
change  ratio  reference  voltage  value  .  .  .  interchangeable  plug-in  stepping  switches  sealed  in  oil  .  .  .  the  “Factual  Fifth 
Figure”,  which  means  a  full  5-digit  resolution  of  0.001%  over  the  entire  range  .  .  .  "No-Needless  Nines"  logic  .  .  .  remote, 
local,  or  automatic  Ad  DC  switch-over  and  range  changing . . .  front  and  rear  input  connectors ...  10  megohms  impedance 
on  DC  voltage,  1000  megohms  on  voltage  ratio  . .  .  $3,750,  complete.  V34A  (4-digit  version)  is  $3,150,  complete. 


Originator  of  the  Digital  Voltmeter 

non-linear  systems,  inc* 
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How  Tell-Tale  Signs  Can  Help  Kill  Missiles 


THE  DEFENSE  DEPARTMENT  MAY  be 
moving  closer  to  a  workable  tech¬ 
nique  for  identifying  an  enemy  bal¬ 
listic  missile  during  its  power  flight 
by  the  radiatioa  it  efhiits. 

W'ork  on  this  technique  at  Cape 
Canaveral,  Fla.  is  moving  along  at 
a  healthy  pace  with  the  completion 
of  two  new  radiation  measurement 
sy.stems. 

RCA  built  apd  operates  the 
Mobile  Missile  Measurement  Sys¬ 
tem  that  detects,  makes  passive 
measurements  and  records  incident 
radiation  from  missiles  over  the 
spectrum  from  ultraviolet  to  micro- 
wave.  Tests  concern  only  thse 
powered  phase  of  missile  flifjht.  The 
system  could  measure,  from  a  ddwn- 
range  station,  radiation  on  reentry. 

Radiation,  Inc.  built  and  operates 
a  radiation  measuring  system  to 
study  the  missile  bloom  effect  that 
occurs  during  night  launchings 
when  the  missile  reaches  about  120 
kilometers. 

Ability  to  identify  a  missile  dur¬ 
ing  its  first  100  seconds  after 
launch  and  to  know  its  probable 
range,  would  be  a  big  step  beyond 
present  techniques. 

Coming  up  with  detection  and 
interception  techniques  beyond 
present  concepts  is  the  special  task 
of  the  Advanced  Research  Projects 
Agency’s  group  called  Project  De¬ 
fender  (Electronics,  p  42,  Feb.  26; 
p  36,  May  13). 

RCA’s  sy.stem  is  contained  in  an 
air-transportable  trailer  and  may 
also  be  used  on  board  ship.  The 
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array  of  sensors  is  mounted  on  a 
servo-controlled  pedestal,  that  pro¬ 
vides  for  full  and  vertical  and  360- 
degree  horizontal  pointing.  The 
pedestal  may  be  controlled  auto¬ 
matically  by  a  self-contained  in¬ 
frared  angle  tracker  mounted  on 
the  pedestal.  It  can  also  be  com¬ 
manded  from  an  adjacent  manually 
controlled  visual  tracking  station 
or  by  antenna  synchro  outputs  from 
a  nearby  tracking  radar. 

The  optical  tracker  (see  astra- 
dome,  top  right  in  photo  on  the  left) 
includes  a  tracking  telescope  and 
multiple  filter  inserts.  It  can  con¬ 
trol  the  sensor  pedestal  through  a 
servo  system.'  The  ir  automatic 
angle  tracker  (the  large  cylinder 
between  the  two  microwave  dish  re¬ 
ceivers)  provides  milliradian  track¬ 
ing  accuracy.  Six  ir  radiometers 
surround  the  tracker.  A  variety  of 
cooled  or  uncooled  detectors  and 
filters  with  spectral  coverage  to  15 
microns  can  be  used.  A  28-channel 
magnetic  tape  recording  .system  is 
provided  for  recording  measure¬ 
ment  and  timing  data  and  verbal 
commentary.  A  high-gain,  broad¬ 
band  Amplidyne  control  sj’stem  pro¬ 
vides  for  automatic  control  of  the 
.sensor  pedestal.  Range  timing  in¬ 
puts  can  be  accepted  either  by  land 
line  or  radio. 

Radiation,  Inc.’s  equipment, 
located  on  the  roof  of  the  Technical 
Laboratory  at  Patrick  AFB,  obtains 
spectral  and  configuration  infor¬ 
mation  on  the  missile  bloom  effect — 
a  phenomenon  that  appears  to  the 


beachwatcher  as  a  whitish  glow. 
The  light  grows  rapidly  to  a  di¬ 
ameter  of  several  miles. 

The  gear  consists  of  a  35-mm  cine 
camera  with  an  eight-inch  focal 
length,  f/3.5  lens  to  obtain  the  con¬ 
figuration  data.  The  spectral  infor¬ 
mation  is  obtained  by  a  radiation 
spectral-visual  photometer. 

The  photometer  uses  a  five-inch 
aperture,  24-in.  focal  length  lens 
and  multiplier  phototube  detector. 
Spectral  information  is  provided  by 
a  series  of  interference  filters  that 
are  mounted  on  a  wheel  and  rotate 
in  front  of  the  detector.  A  total  of 
13  interference  filters  are  used,  pro¬ 
viding  .spectral  information  from 
0.385  to  0..572  micron,  with  an  aver¬ 
age  bandwidth  of  .01  micron. 

The  signal  from  the  multiplier 
phototube  is  amplified  and  recorded 
and  the  whole  system  is  calibrated 
in  radiometric  units.  Range  tim¬ 
ing  is  supplied  to  both  the  camera 
and  the  photometer  for  correlation. 
The  photometer  and  camera  are 
mounted  on  a  manual  tracking  head 
and  pedestal  mount. 

The  spectral  and  configuration 
data  are  correlated  to  give  an  in¬ 
dication  of  the  quality  of  track  and 
the  relation  between  the  spectra  and 
the  shape  of  the  bloom.  In  addi¬ 
tion,  these  data  are  correlated  with 
missile  type,  ionosphere  back  scat¬ 
ter  signals  and  ambient  meterologi- 
cal  conditions  to  give  an  under¬ 
standing  of  the  mechanisms  and 
energies  involved  in  the  production 
of  the  missile  bloom. 

electronics 


RCA’s  system  (left)  measures  radiation  during  entire  boost  phase.  Radiation,  Inc.’s  equipment  (right)  studies 
spectral  and  configurational  data  on  missile  bloom 


CfoM-to-Mctat 


Individual  Terminals 


NDUSTRY’S 
\AOST  COMPLETE 
STANDARD  LINE 


E-I  SEALED  TERMINALS 
AND  HEADERS  provide  you 
with  the  widest  possible  design 
latitude.  E-I  offers  the  engineer/ 
designer  the  industry’s  most  com¬ 
plete  line  of  sealed  terminals  and 
miniature  components  at  prices 
that  reflect  the  economies  derived 
from  standardized  production. 
E-I  seals  are  specified  industry¬ 
wide  for  today’s  most  critical 
military  and  commercial  equip¬ 
ment  . . .  proof  of  their  complete 
reliability  in  the  most  severe  en¬ 
vironments. 


IF  YOU  HAVE  A  SEALING 
PROBLEM  . . .  call  or  write  for 
complete  information  on  the  E-I 
standard  line,  or  ask  an  E-I  field 
engineer  to  make  recommenda¬ 
tions  on  your  application. 


Pattntad  >n  Canada,  No.  S23,390| 
in  Unitad  Kinidom,  No.  734,583j 
iictnaad  In  U.S.  under  No.  2561S20 


ELECTRICAL  INDUSTRIES 

'  MURRAY  HILL.  NEW.OERSEY,  U.  S.  A. 

A  DtvUion  of  Pkilipa  Eleetroniea  and  Pharmaceutical  Induetriea  Carp, 
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PRECISION  SIZE  5  MOTORS 
NOW  AVAILABLE  FROM  STOCK 


Available  for  immediate  delivery,  these  miniaturized  Bendix*  motors 
(type  number  CK  1066-40-Al)  are  designed  for  applications  where 
space  and  weight  requirements  are  at  a  minimum.  So  small  that  four 
can  be  packaged  in  a  square  inch,  these  motors  are  ideally  suited  for 
missile  instrumentation  and  similar  miniaturized  applications.  The 
motor  has  a  tapered  shaft;  however,  units  may  be  obtained  with  other 
type  shafts  and  with  center  tapped  control  windings. 


TmtAl  MOTOI 
CNAIACTtinnCS 

VoWoo* 

Piji*d  phoM . 26  voH« 

Control  phoso . 26  volts 

Froqvoncy . 400  cytlo* 

Stoll  Curront^ 

Pixod  PHoso . . . 100  mo 

Control  Photo  . lOOmo 

StoH  Impodoncv* 

Piiiod  n»oto.  .  .260-184.5+JI63.6oKim 
Control  Phot*  260-1ft4^+JI63^  ohms 

StoH  Powor  Input*  (Totol) . 3^9  watts 

St<^  Torqwo.  ...  . 0.138  ox.'-in. 

No  Lood  S|>««d . 9900 

Torquo-to*lnortia  Rot^. ....  44^00  rod/soc* 
(Stoll  AccoloroHon) 

Oporottng  Tomporoturt 

Ron«« . -55®C.to+70®C. 

WaiqM . . 0.88  o». 

*WNh  ffoNd  voWopc  opplmd  to  ooch  phoso 

For  information  on  thoso  motors  — 
or  ftimtlor  motors  in  sizos  8,  1 0,  1 1 ,  1 5, 
20,  ond  28— writo: 


AVEIA8E  PflFORMAIICf  CURVES 


T— aw  m  omwc  wOHa 


Eclipse -Pioneer  Division 

-  ,  T*t*rboro,  N.  J. 


DItMct  OMcm:  turbonk,  and  Son  FronciKo,  Calif. t  Soottla,  Wotli.i  .Dayton.  Oliloj  ond  Wothlnglon,  0.  C. 
Eiporl  Sain.  A  Sorvicot  Bondix  Intornotional,  305  E.  43nd  Si.,  Now  Vork  17,  N.  V. 


New  England  Sees 

By  THOMAS  MAGUIRE 

•New  KriRland  Editor 


BOSTON — A  fresh  ripple  of  opti- 
mi.sm  gained  amplitude  and  momen¬ 
tum  over  the  New  England  elec¬ 
tronics  landscape  this  week  as  an 
upturn  in  component  orders,  espe¬ 
cially  semiconductors,  was  recorded. 

Softening  of  the  national  economy 
in  recent  months  was  reflected  less 
in  New  England,  principally  be¬ 
cause  the  area’s  long-range  gov¬ 
ernment-subsidized  research  and 
development  activities  are  not  im¬ 
mediately  responsive  to  production 
trends.  The  R&D  volume  provides 
a  cushion. 

Semiconductor  firms  in  N.  E.  re¬ 
port  increases  in  orders  started  4 
to  5  weeks  ago,  but  the  components 
people’s  bullishness  is  really  long¬ 
term.  Most  dramatic  reflection  of 
this  is  in  expansion  of  semiconduc¬ 
tor  production  facilities  in  the  area. 
Moving  into  new  automated  plants, 
or  about  to  move,  are  Clevite,  CBS 
Electronic.s,  Transitron  and  Ray¬ 
theon.  Sylvania’s  Semiconductor 
division  is  expanding  operations  at 
its  Hillsboro,  N.  H.,  plant. 

“They  can’t  all  be  wrong  about 
business  prospects,’’  said  one  execu¬ 
tive  this  week. 

N.  E.  .semiconductor  people  see 
that  segment  of  the  industry  ex¬ 
panding  about  three  times  its  pres¬ 
ent  volume  in  the  next  5  years — and 
the  area  is  planning  to  boost  its 
already  healthy  share  of  this  busi¬ 
ness. 

At  the  same  time,  signs  point  to 
lower  prices  for  components,  a 
tighter  profit  squeeze  and  narrower 
product  lines.  And  predictions  of 
an  imminent  shakeout  of  semicon¬ 
ductor  companies  are  becoming 
widespread. 

A  note  of  warning  is  sounded  by 
the  president  of  a  N.  E.  electronics 
firm  which  deals  in  devices  and 
systems  acros  the  board.  Noting  a 
“very  decided  slippage’’  nationally 
in  electronics  during  the  past  six 
months,  he  says:  “Companies  with 
good  selling  organizations  are  the 
ones  which  can  survive  these  dips. 
If  a  company  has  weaknesses,  this 
is  the  time  they  show.’’ 

He  cites  the  increased  availability 
of  engineers  as  a  good  index  to  con- 
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Business  Upswing 

ditions  in  the  industry.  “Jobs  mean 
something  to  engineers  now,”  he 
says.  “There  are  more  of  them 
looking  for  jobs.” 

He  also  cites  weakened  positions 
of  some  smaller  companies.  “We’ve 
been  on  the  prowl  for  acquisitions,” 
he  says.  “Suddenly,  we’re  deluged 
with  offers — from  small  firms  in 
difficulty.  Also,  larger  firms  are 
pulling  back  much  subcontracting 
work.” 

Simultaneously,  however,  recent 
months  have  seen  a  rash  of  new 
electronics  firms  in  X.  E.,  many  of 
them  obviously  formed  to  take  ad¬ 
vantage  of  heavily  financed  new’ 
R&D  programs  in  New  England 
academic  and  government  labora¬ 
tories. 

Electronics  e.xecutives  see  the 
glamour  rubbing  off  industry 
stocks,  and  the  prospects  for  nar¬ 
rowing  the  gap  between  earnings 
and  listings. 

Overseas  business  prospects  are 
playing  an  increasing  role  in  pro¬ 
jections. 

Raytheon  Co.,  largest  electronics 
employer  in  N.  E.,  hopes  to  increase 
overseas  sales  from  $4  million  to 
$20  million  per  year  during  the 
next  three  years. 


Underground  Minuteman 
Antennas  Pass  Tests 

SEATTLE,  WASH. — After  18  months 
of  experimental  work  with  under¬ 
ground  radio  antennas  in  a  jam- 
resistant  launch  control  system  for 
the  Minuteman  intercontinental 
missile,  the  Boeing  Airplane  Co.  is 
preparing  for  further  testing. 

Preliminary  testing  has  been 
done  in  the  Auburn  area  south  of 
Seattle  but,  by  Christma.s,  Boeing 
engineers  will  be  operating  another 
site  to  study  the  system  under  oper¬ 
ating  conditions. 

The  company  hopes  the  te.sts  will 
provide  Minuteman  with  a  launch 
communication  .system  virtually  im¬ 
possible  to  destroy  and  will  substan¬ 
tially  reduce  installation  costs  at 
missile  bases.  Boeing  has  an  Air 
Force  contract  to  develop  a  radio 
launch  control  system  for  the  silo- 
stored  missiles;  it  is  concentrating 


on  radio  antennas  and  system  inte¬ 
gration.  Sylvania  Electric  Co.  has 
a  subcontract  for  special  transmis¬ 
sion  and  receiving  instruments,  the 
latter  also  to  be  installed  under¬ 
ground.  RCA  has  a  subcontract  for 
data  processing  equipment  to  coor¬ 
dinate  firing  information. 

Radio  equipment  and  antennas,  as 
well  as  missiles,  will  be  under¬ 
ground,  eliminating  the  costly  proc¬ 
ess  of  burying  miles  of  communica¬ 
tion  cable. 

Boeing  is  .studying  how  various 
types  of  soils  and  their  moisture 
content  affect  signal  transmission, 
how  underground  location  deter¬ 
mines  antenna  shape  and  how  much 
power  is  required.  From  a  plyw<K)d- 
lined  pit  about  10  ft  below  the  con¬ 
trol  shack  at  the  Auburn  site,  engi¬ 
neers  transmit  signals  to  mobile 
monitoring  receivers.  Transmission 
antennas  stretch  in  four  directions, 
at  a  depth  of  4  ft. 

The  transmitting  and  receiving 
equipment,  being  developed  by  Syl¬ 
vania,  will  use  a  spread  spectrum, 
where  radio  w'aves  w’ill  be  broadcast 
on  a  wide  range  of  frequencies,  to 
be  gathered  and  decoded  at  the  re¬ 
ceiving  end.  The  tremendous  jwwer 
nece.ssary  to  jam  this  broadcast 
range  makes  radio  launching  virtu¬ 
ally  sabotage-proof. 

The  radio  launch  control  .system 
will  control  as  many  as  .50  under¬ 
ground  mi.ssiles  from  launch  con¬ 
trol  centers.  Each  Minuteman 
.squadron  will  contain  .50  missiles 
and  five  launch  control  centers. 


Radar  for  Coasting  Missiles 


Project  DefendePe  ESAR  (elec¬ 
tronically  steerable  array  radar), 
Bendix,  studies  coasting  missiles 


REPORT 


AUTOSYN'  SYNCHROS 


D*^«nd4ibl«  in  mininturixing 
(entrnl  circuitry 


These  Bendix®  sixe  5  Autoeyn 
synchros  are  well  suited  to  the 
needs  of  missile  instrumentation 
and  similar  applications  requiring 
miniaturization  and  weight  reduc¬ 
tion.  Typical  characteristics  are 
listed  below.  For  additional  infor¬ 
mation,  including  comprehensive 
data  on  transmitter,  control  trans¬ 
former,  and  differential  character¬ 
istics,  write  today. 


mKAl 

oaniNE 


040 


1.0M 


nrncM  CHAUCTutsTits 


Operating  lamparalwc  rang*.  —  53*C.  to  95°C 

Rotor  inoniawt  ^  inartia . 0.25  gn  emt 

Weight . . 0.tei. 

Accwrocy .  *15  mimee* 

AvoRaMe  oi  troramitter,  control 
tromformer  and  diflerenlial. 

Manwfoclwrars  of 

OYROS  •  ROTATING  COMRONfNTS 
RADAR  DfVICES  •  INSTRUMENTATION 
PACKAGED  COMPONENTS 

Eclipse -Pioneer  Division 


Teterkore,  N.  JL 


December  16,  1960 
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AVAILABLE  TYPES 

Solenoid  Focused 


Type  TWO-88  with  frequency  range  of  30  KMC  to  40  KMC 
Typje  TWO-75  with  frequency  range  lot  ^0  KMC  to  50  KMC 
Type  TWO-67  with  frequency  range  of  49  KMC  to  59  KMC 
Type  TWO-82  with  frequency  range  of  50  KMC  to  60  KMC 
Type  TWO-66  with  frequency  range  of  61  KMC  to  71  KMC 
Type  TWO-83  with  frequeiicy  range  of  65  KMC  to  75  KMC 
Type  TWO-85  with  frequency  range  of  70  KMC  to  85  KMC 
Type  TWO-87  with  frequency  range  of  85  KMC  to  100  KMC 
Type  TWO-90  with  frequency  range  of  100  KMC  to  120  KMC 

AVAILABLE  NOW  PERMANENT  MAGNET  FOCUSED  TYPE 
TWO-89  WITH  FREQUENCY  RANGE  OF  50  KMC  TO  60  KMC 


Bendix  Craftsmanship  at  work  for  you 


LARGEST  LINE  OF  MILLIMETER  WAVE  LENGTH  BWO 

Bendix®  BWO  tubes  for  higher  frequency  transmission.  These  Backward- 
Wave  Oscillator  Tubes— exclusive  with  Bendix— generate  microwave  energy 
over  the  largest  continuous  frequency  range.  Ideal  for  advanced  multichan¬ 
nel  telephone  and  television  systems,  microwave  spectroscopy,  high  defini¬ 
tion  short  range  radar,  highly  directive  communications,  and  many  other 
applications  needing  low  power,  voltage-tuned  millimeter  wave  length  radio 
frequency  energy.  Write  today  for  complete  information. 


'  ELECTRICAL  DATA 

Frequency  Range . 30  KMC-120  KMC  (see  specific  type) 

Anode  Voltage  . 1000-4000  volts 

Power  Output . Up  to  20  mw  average  (depending  on  frequency) 

Beam  Current . 10  MA 

Magnetic  Field . 2000  gauss 

Heater  Voltage . 6.3  *10% 


MECHANICAL  DATA 


Output  Flange  Special  adapter  to  RG-98/U  (50-75  KMC) 

Maximum  Diameter . 0.625* 

Length . 8' 

Mounting  Position .  Any 

Weight  . 5oz.* 


*Without  magnet  (tube  only).  Magnets  are  available. 


ELECTRON  TUBE  PRODUCTS 

Red  Bank  Division 


EATONTOWN,  NEW  JERSEY 
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Vacuum  system  holds  paper  in  place  as  transistorized  weather  plotter 
draws  isobar  patterns  for  forecasting  use 


Electronic  Plotter  Draws  Weather  Maps 


IN  AN  IMPORTANT  STEP  toward 
mechanizing  operations,  the  U.  S. 
Weather  Bureau  is  now  using  an 
electronic  computer-plotter  to  draw 
forecast  maps  of  the  Northern 
Hemisphere. 

Installed  at  the  National  Mete¬ 
orological  Center,  Suitland,  Md.,  the 
instrument  reduces  drawing  time 
of  first  approximation  map.s  from 
20  minutes  using  manual  techniques 
to  under  three  minutes. 

Data  gathered  from  over  500  sta¬ 
tions  is  processed  by  the  center,  and 
distributed  by  facsimile  to  over  600 
Weather  Bureau  stations,  military 
installations,  airlines,  and  others 
requiring  the  service. 

The  Weather  Bureau  says  it 
worked  with  indu.stry  for  eight 
years  in  developing  the  new  tech¬ 
nique.  Two  units  delivered  to  the 
Bureau  (one  for  .standby),  were 
designed  and  developed  by  Elec¬ 
tronic  Associates,  Inc.,  Long 
Branch,  N.  J.  The  firm  produces  a 
line  of  automatic  plotting  units  for 
scientific  and  industrial  use,  as  well 
as  analog  computers. 

The  weather  plotter  at  the  Bu¬ 
reau  will  produce  64  maps  in  a 
24-hour  day.  Maps  are  drawn  for 
different  altitudes  up  to  40,000  ft. 
Isobars,  lines  of  equal  barometric 
pressure,  are  drawn  on  prepared 
maps  by  the  plotter’s  stylus. 

Information  from  weather  obser¬ 


vation  stations  is  edited  by  Bureau 
personnel  and  put  into  punched  card 
form.  After  being  checked,  it  is 
used  by  weather  analysts  to  update 
forecasts,  which  are  programmed 
on  a  computer  and  recorded  on  mag¬ 
netic  tape. 

The  weather  plotter  employs  its 
own  tape  reader,  accepts  digital  in¬ 
formation  for  analog  conversion. 

Completely  transistorized,  the 
converter  controls  the  plotting 
board  pen.  A  parity  check  mini¬ 
mizes  chance  of  error.  It  can  be  set 
to  reject  questionable  data,  or  to 
stop  plotting  for  examination. 

Increased  accuracy  is  achieved 
because  the  plotter  produces  a  map 
without  fatigue  problems  encoun¬ 
tered  with  handdrawn  maps.  Dy¬ 
namic  filters  to  smooth  data  flow 
are  adjustable  manually,  and  con¬ 
tribute  to  accuracy,  along  with  the 
use  of  chopper  stabilized  opera¬ 
tional  amplifiers  and  thermostatic 
controlled  ovens  for  stabilization  of 
critical  resistors  and  diodes. 

Electronic  Associates  is  deliver¬ 
ing  similar  units  to  Monterey  and 
Point  Mugu,  Calif.,  for  use  in 
weather  forecasts  for  Vandenburg 
Missile  Range;  and  to  SAC  head¬ 
quarters,  Offut  Air  Force  Base, 
Omaha,  Neb. 

Similar  plotting  equipment  is  be¬ 
ing  introduced  for  highway  plan¬ 
ning,  and  automatic  drafting. 


SAFE!  SIMPLE! 
ACCURATE! 


AC 

BREAKDOWN 

TESTERS 


Complete  line  of  units  designed  for  test¬ 
ing  in  accordance  with  ASTM  D-149  and  Federal 
Spec.  LP-406,  Method  4031,  used  for  determina¬ 
tion  of  dielectric  strength  and  breakdown  voltage 
safely,  simply  and  accurately  in  the  laboratory  or 
on  the  production  line. 


FEATURES 

•  Completaly  •tlf-«ontained 

•  Automatic  rata  of  voltaga  rlaa 

•  Plug-in  taat  alactrodaa 

•  Retention  of  voltmeter  reading  after  break, 
down 

•  Dual  range  units  available  for  maximum  ver- 
satility,  up  to  six  voltmeter  ranges 


In  addition  to  the  standard  models  noted  below, 
special  models  incorporating  higher  output  ratings 
and  a  number  of  metering  systems  including  pri¬ 
mary  metering,  direct  secondary  metering,  and 
digital  output  with  recording  can  be  provided. 

Single  Range  Dual  Range  Unit 
15  KV,  2  KVA  50  KV.  2  KVA 

15  KV,  5  KVA  and  10  KV,  2  KVA 

\\  25  KV.  2  KVA 

25  KV,  5  KVA  5  u V  2  KVA 

50  KV,  2  KVA  ^ 

50  KV,  S  KVA 
100  KV.  F  KVA 


f- 


r 


Industrial 


I  Inslrumeirts 


\  100  KV,  5  KVA 

t  and  20  KV,  5  KVA 

ARC  RESISTANCE 
TESTER 

Used  for  measurinc  the  abil¬ 
ity  of  insulatinc  material  to 
withstand  hl(h-volta(e  low. 
current  arcs.  Supplied  in 
conformance  with  ASTM 
0-495  and  Federal  ^ec.  LP- 
406  Method  4011.2.  Simpli¬ 
fied  operation  includes  auto¬ 
matic  steppini  and  timinc, 
and  improved  electrode 
holder.  Overable  by  unskilled 
personnoi. 

CompiRte  catalog  of  Elec¬ 
trical  Teat  Equipment 
available  on  request 


Industrial 
Instruments  inc. 


89  COTimerte  Road  Cedar  Grore  tssei  County  N  j 


December  16,  1960 
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MEETINGS  AHEAD 


LAPPf  STAND-OFF  INSULATORS 
FOR  MODERATE 
OR  HEAVY  DUTY 


For  years,  Lapp  has  been  a  major  supplier  of  stand-off 
insulators  to  radio,  television  and  electronics  indus¬ 
tries.  Wide  knowledge  of  electrical  porcelain  applica¬ 
tion,  combined  with  excellent  engineering  and  produc¬ 
tion  facilities,  makes  possible  design  and  manufacture 
of  units  to  almost  any  performance  specification.  The 
insulators  shown  on  this  page  are  representative  of 
catalog  items — usually  available  from  stock — and  cer¬ 
tain  examples  of  special  stand-offs.  The  ceramic  used 
is  the  same  porcelain  and  steatite  of  which  larger  Lapp 
radio  and  transmission  insulators  are  made.  Hardware 
is  brass  or  bronze;  brush  nickel  plating  is  standard. 

Write  for  Bulletin  301  with  complete  description 
and  specification  data.  Lapp  Insulator  Co.,  Inc.,  Radio 
Specialties  Division,  174  Sumner  St.,  Le  Roy,  N.  Y. 


Dec.  16-17 :  Combined  Analog  Digi¬ 
tal  Computer  Systems  Sympo¬ 
sium,  Simulation  Councils,  Inc., 
General  Electric;  Sheraton  Ho¬ 
tel,  Phila. 

Jan.  8-12:  Thermoelectric  Energy 
Conversion,  Dept,  of  Defense, 
Joint  Technical  Society;  Statler- 
Hilton  Hotel,  Dallas. 

Jan.  9-10:  Plasma  Dynamics; 
Southern  Methodist  Univ.,  Dept, 
of  Mech.  Engineering,  Dallas. 

Jan.  9-11:  Reliability  &  Quality 
Control.  ASQC,  AIEE,  EIA, 
PGRQC  of  IRE ;  Bellevue-Strat- 
ford  Hotel,  Phila. 

Jan.  12-13:  Reliability  of  Semicon¬ 
ductor  Devices,  Working  Group 
on  Electron  Tubes;  Western 
Union  Auditorium,  New  York 
City. 

Jan.  17-19:  Instrument  Automation 
Conf.  &  Exhibit,  ISA;  Sheraton- 
Jefferson  Hotel,  Kiel  Auditorium, 
St,  Louis,  Mo. 

Jan.  31-Feb.  2:  Cleveland  Electron¬ 
ics  Conference;  Engineering  & 
Scientific  Center,  Cleveland. 

Feb.  1-3:  Military  Electronics, 
PGMIL  of  IRE;  Biltmore  Hotel, 
Los  Angeles. 

Feb.  1-4:  Electronic  Representa¬ 
tives  A.SSOC.,  Annual  Convention; 
Ambassador  Hotel,  Los  Angeles. 

Feb.  7-9:  Electrical  Manufacturers 
Assoc.,  Veteran’s  Memorial,  Co¬ 
lumbus,  0. 

Feb.  14-16:  Nondestructive  Testing 
of  Aircraft  &  Missile  Compo¬ 
nents,  Southwest  Research  Insti¬ 
tute,  South  Texas  Section  of  the 
Society  for  Nondestructive  Test¬ 
ing  Inc.;  Gunter  Hotel,  San  An¬ 
tonio,  Tex. 

Feb.  15-17 :  Solid  State  Circuit 
Conf.,  International,  PGCT  of 
IRE.  AIEE;  Univ.  of  Pa.  & 
Sheraton  Hotel,  Philadelphia. 

Mar.  20-23:  IRE,  International 
Convention,  All  PG’s ;  Coliseum  & 
Waldorf-Astoria  Hotel,  New 
York  City. 
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CLUE:  The  sum  of  the  digits  of  the 
divisor  leaves  a  remainder  of  sev¬ 
en  when  divided  by  nine,  and  the 
sum  of  the  digits  of  the  quotient 
leaves  a  remainder  of  three  when 
divided  by  nine. 


AND  LET’S  CONSIDER  ANOTHER  QUOTIENT.  It  takes  shape  as  men’s 
minds  go  deep  into  space.  One  center  of  these  calculations  is  Martin-Denver, 
where  successful  professionals  enjoy  full  scope  from  basic  research  to  vehicle 
design.  You  will  find  range,  reward,  and  stature  here.  Write  N.  M.  Pagan,  Director  of 
Technical  and  Scientific  Staffing,  Martin-Denver,  P.O.  Box  179A2,  Denver, Colorado. 


^/WS/CZ>/N/ 


NEW 

»ORG 

LOW-INERTIA 


BORG  EOUlPWtHl 
IHMVS\0N 


Model  1  063 
actual  size 


Horji's  new  1060  Scries  Low  - 1  nertia.  SuK-Fractional  Horsepower  Instrument  Motors  are  speciliealK 
tlesigneil  for  applications  where  cxcciniontilh  rug^eJ  iind  rclntblt  ct)ntrol  motors  are  ilemanileil!  They  can 
he  operateil  two-phase,  or  split-capacitor  connected  lor  single-phase  operation,  trom  a  1  1  5  volt.  60  cycle 
source.  Fxtetnled  rotor-bearing  preload-adjustments  are  provided  for  minimum  starting  voltages.  Ample 
electrical  and  mechanical  safety  margins  are  included  for  critical  instrument  applications  such  as  medical 
equipment,  (iear  train  models  are  also  available  in  twenty  gear  ratios  from  6  :  1  to  ISOO  :  1.  Upgrade  your 
jsrecisi«)n  equipmetit  now  .  .  .  investigate  new  Horg  1060  Series  Low-Inertia  Motors! 

CONTACT  YOUR  BORG  DISTRIBUTOR  OR  TECHNICAL  REPRESENTATIVE  FOR  CATALOG  SHEET  BED  A165 


SPEED/TORQUE  CHARACTERISTICS 


MODEL  1063 


MODEL  1065 


Torque  Oz.  Inches 


Torque  Oz.  Inches 


BORG  EQUIPMENT  DIVISION 


Am phenol-Borg  Electronics  Corporation 
Janesville.  Wisconsin  •  Phone  Pleasant  4--6616 


!  MODEL 

1063 

VOLTS 

ills  AC. 

FREQ. 

i  60  ~ 

R  P  M. 

;1600 
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New  Cubic  3-in-l  d-c  amplifier  has 
built-in  strain-gauge  power  supply 


important  savings  in  cost,  space,  and  setup  time  are  now 
possible  for  users  of  strain  gauges  with  the  Cubic  Model 
1100  d-c  wideband  amplifier.  This  newest  addition  to  the 
Cubic  line  of  instrumentation  amplifiers  is  really  three  units 
in  one.  It  is  ( 1 )  a  differential-input,  wideband  d-c  amplifier, 
(2)  a  bridge  balance  circuit,  and  (3)  a  well  regulated 
strain-gauge  power  supply. 

For  applications  not  requiring  the  self-contained  power 
supply,  modules  which  contain  two  d-c  amplifiers  can  be 
supplied.  You  can  mount  8  of  these  modules  abreast  (16 
amplifiers)  in  a  single  standard  rack. 

Model  1 100  amplifiers  with  built-in  power  supplies  eliminate 
the  hookup  problems  formerly  encountered  in  multiple- 
strain-gauge  operations.  Even  more  important,  they  permit 
saving  $200-400  per  channel  since  separate  power  supplies 
and  bridge  balance  circuits  are  no  longer  needed. 

ALSO  THE  lOOO. SERIES 

The  Cubic  line  of  d-c  wideband  amplifiers  also  includes  the 


Model  1000  series.  These  highly  sophisticated  solid-state 
instruments  incorporate  all  the  design  improvements  of 
1960’s  state-of-the-art.  Key  to  their  versatility  is  the  Cubi- 
plug,  a  module  that  plugs  into  the  1000-series  amplifier 
chassis  to  provide  any  required  gain,  fixed  or  variable, 
and  single-ended  or  differential  input. 

SPECIFICATIONS  AVAILABLE 

Write  for  complete  specifications  and  ordering  information 
on  Cubic’s  complete  line  of  instrumentation  amplifiers. 
Dept.  E-5,  Industrial  Division,  Cubic  Corporation,  San 
Diego  11,  California. 


cubic 

CORPORATION 
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A 

CUSTOMER 

SAYS: 

‘SHOW  ME!” 


...We  like  customers  who  say  “show  me”  because 
we  can  prove  that  Fansteel  does  more  than  just  talk 
reliability.  We  can  prove  that  Fansteel  does  something 
about  it!  Paul  Weirich,  Assistant  General  Manager, 
Rectifier-Capacitor  Division,  directs  the  customer 
“from  Missouri”  on  a  tour  highlighting  the  Fansteel 
equipment,  facilities,  methods  and  skills  which  con¬ 
tribute  to  reliability  in  rectifiers  and  capacitors. 


Show  Me  the  Secret  of 


Here’s  the  man  who  helped  this  miniaturiza¬ 
tion  age  get  its  start— Glen  Ramsey,  V.P. 
and  General  Manager,  R-C  Division,  who 
develojjed  the  first  porous  tantalum  anode 
back  in  1936.  Holding  a  new  tantalum  capaci¬ 
tor,  he  explains  why  the  original  Fansteel 
shoulder  and  curl  design*  is  still  the  best 
ever  developed— proved  by  millions  of  appli¬ 
cations  in  the  field. 

•PaUnt  jVo.  2,744,2t7 


h 


Hours  and  hours  of  vibration  test 
ing  form  just  one  phase  in  our 
reliability  program.  Consider  our 
Gold-Cap**  line  of  capacitors,  for 
example.  It  takes  almost  8(KH)  read¬ 
ings,  calculations,  examinations 
and  comparisons... and  27  days  of 
testing... to  certify  each  100  Gold- 
Caps  for  pre-tested  reliability. 

**Tradtmark 


Howard  Brauer,  Manager  of 
Quality  Control,  gives  a  quick 
run-down  on  this  2500-unit  tan¬ 
talum  capacitor  life  test  chamber. 
“It’s  where  we  separate  the  ’men’ 
from  the  ‘boys’.  1 000  hours  of  rug¬ 
ged  electrical  and  thermal  torture 
tells  us  how  all  units  in  each  lot 
measure  up  to  approved  specs.” 


The  customer  “from  Missouri”  is  introduced 
to  Fansteel’s  new  240  amp.  silicon  rectifier  by 
Bill  Brown,  Chief  Engineer.  Bill’s  staff  of 
engineers,  whose  experience  dates  back  to  the 
beginning  of  the  tantalum  capacitor  and  the 
earliest  selenium  rectifier,  is  recognized  as  one 
of  the  most  capable,  creative  teams  in  the 
electronic  component  field.  (Incidentally,  Bill 
Brown  and  staff  promise  more  important 
product  news  soon.) 
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Here’s  an  operation  that’ll  either  make  or  break  a 
silicon  rectifier.  As  you  know,  the  silicon  slices  in 
rectifier  junctions  must  be  perfect  in  every  respect 
. . .  unifc>rmity  in  flatness,  finish  and  parallelity  is 
positively  essential!  Florian  Schardt,  Superinten¬ 
dent,  Rectifier  Plant,  puts  the  ‘mike’  to  a  silicon 
slice  to  demonstrate  the  accuracy  possible  from  the 
automatic  lapping  machines  handling  this  job. 


FANSTEEL  Reliability  I 


Using  what  he  calls  "the  world’s 
fastest  shoe  shine  machine’’.  Tech¬ 
nical  Director  Stan  Fry  prepares  for 
work  in  the  “white  room’’— silicon 
rectifier  assembly  area.  Besides  dust¬ 
less  shoes,  precautions  for  all  au¬ 
thorized  personnel  include  special, 
lint-free  clothing,  f>ersonal  vacuum 
cleaning  and  removal  of  cosmetics. 


Dust,  dirt  and  other  contaminants  simply  can’t  penetrate  "white  room’’ 
barriers.  Because  it  takes  only  one  microscopic  dust  speck  to  destroy  a 
rectifier's  reliability,  a  special  air  system  filters  out  foreign  matter  actually 
1000  times  smaller  than  the  thickness  of  human  hair.  This  near-sterile  atmos¬ 
phere  alone  almost  guarantees  high  reliability  . . .  automatic  equipment 


and  skilled  operators  do  the  rest. 


The  “white  room"  must  have  a  constant  sup¬ 
ply  of  super-clean  water  for  cleaning  rectifier 
junctions.  Here’s  where  that  water  is  pro¬ 
cessed.  This  is  one  of  the  filters  in  the  sys¬ 
tem.  It  can  “weed”  out  matter  even  as  small 
as  virus  from  the  water.  This  water  becomes 
so  pure  that  we’ve  measured  its  electrical 
resistivity  at  18  million  ohm<entimetersi 


What  you  saw  here  is  typical  of  the  over-all  Fansteel 
reliability  picture.  The  real  secret— if  there  is  one— 
is  found  in  the  atlitude  of  our  people  towards  our 
reliability  efforts.  They  believe  in  it.  They  work  hard 
to  make  it  a  success,  .\nother  factor— care  and  stubborn 
attention  to  detail  every  step  of  the  way,  from  raw 
material  ordering  to  packaging.  No  detail  is  too  small 
to  risk  half-way  measures  or  compromise  pf  any  sort. 

When  we  state  that  reliability  dictates  our  standards, 
we  mean  just  that.  And  when  we  say  Fansteel  capacitors 
and  rectifiers  are  reliable,  we  mean  they  rank  second  to 
none!  Meanwhile,  we’re  exploringwaystodoeven  better. 
FANSTEEL  METALLURGICAL  CORPOR.M  ION, 
North  Chicago,  Illinois. 


WH£R£  REUABIUTY  DICTATES  STANDARDS 
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Hallicfafters  communications  leadership  is  exemplified  by  new  high  frequency 
Single  Sideband  receiver,  (model  no.  SX-116).  IQ0%  modular  design  permits 
simple  modification  for  compatability  with  existing  and  future  communications 
systems.  Stability,  with  proper  available  plug-ins,  is  better  than  one  part  in 
10,000,000  per  month.  Hallicrafters  also  offers  an  existing  capability  in  receiving 
and  transmitting  techniques  up  to  frequencies  of  50,000  megacycles. 


Military  Electronics  DivisiO  ', 
Chicago  24,  Illinois 


Looking  for  a  challenging  new  oppor¬ 
tunity?  We  are  interested  in  qualified 
engineers  at  all  levels.  For  full  details  in 
confidence,  contact  William  F.  Frankart, 
Director  of  Engineering. 


For  further  information  on  Hallicrafters  facilities  and  experience  in  mil¬ 
itary  electronics  research,  development  and  production,  please  write  to: 

hallicrafters  Q  company 


Airborne  antennas  and  micro-wave  components  with  power  capability  in  excess 
of  1,000  watts,  can  be  made  available  to  solve  tomorrow's  very  high  power 
handling  requirements.  Testing  of  microwave  components  is  possible  with 
special  high  power  generators,  designed  and  built  by  Hallicrafters. 


B-52  and  other  militaiy  aircraft  will  be  protected  by  the  most  potent  Electronic 
Countermeasures  equipments  yet  devised.  These  equipments  were  developed 
in  close  teamwork  with  the  Air  Force  under  Hallicrafters'  QRC  (Quick  Reaction 
Capability)  program.  Now  qualified  to  meet  full  environmental  specifications, 
they  are  in  quantity  production. 


For  more  than  a  quarter 
century,  Hallicrafters  has 
worked  in  close  partnership 
with  our  armed  forces  on  fast 
solutions  to  critical  military 
electronics  problems.  Out  of 
this  priceless  experience 
are  emerging  startling  new 
ideas  and  hard-hitting,  fast- 
moving  techniques  to  keep 
our  country  one  jump  ahead 
in  electronic  warfare  . . . 


hallicrafters 

Me.  "Bfue  '^freak''Fh)Jecf 


New  levels  of  speed  and  efficiency  are  being  reached  in  equipment  modemiza- 
tion,  retrofit  and  technical  support  programs  with  Hallicrafters'  radical  new 
"Blue  Streak"  project.  Specially-trained  Maintenance  and  Technical  Support 
Teams,  close-knit  and  flexible,  can  be  tactically  deployed  to  accomplish  main¬ 
tenance,  installation  and  testing  of  electronics  weapons  systems  anywhere  in 
the  world. 


Hallicrafters  participation  in  the  Atlas  missile  project  helped  to  develop  capa¬ 
bility  for  many  areas  of  the  complex  missile  field,  including  code  translator 
data  systems;  ground  support  equipment;  ECM  testing  and  antenna  systems. 
Current  explorations  involve  latest  Infra  Red  techniques. 
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YOUR  BEST  BUY 
FOR  APPEARANCE 
AND  PERFORMANCE... 
WESTON  301  PANEL  METERS 


Now... modern  3Vi-inch  meters 
with  time-tested  Weston  movements 


You'll  find  new  design  advantages  in  the  familiar,  reliable 
Weston  301  panel  instruments.  Case  and  mechanism  are 
redesigned  for  modem  needs— more  reliable  than  ever 
before— at  no  increase  in  cost ! 

The  exclusive  Cormag®  mechanism  makes  the  301 
immune  to  the  effects  of  stray  magnetic  fields.  Instruments 
can  be  mounted  on  magnetic  or  nonmagnetic  panels,  close  to 
other  instruments,  without  special  adjustments.  Choose 
between  round  or  rectangular  case,  modernistically 
styled  in  phenolic  plastic. 

Another  design  advantage . . .  New  2%-inch  Weston  panel 
instruments— the  201  series— are  designed  with  matching 
cases  and  incorporate  the  same  advanced  features ! 

For  specifications... information... or  the  address  of  your 
nearest  distributor,  contact  your  local  Weston  representative, 
or  write  to:  Daystrom,  Incorporated,  Weston  Instruments 
Division,  Newark  12,  New  Jersey. 

International  Sales  Division,  100  Empire  Street, 

Newark  12,  New  Jersey.  In  Canada:  Daystrom  Ltd., 

840  Caledonia  Rd.,  Toronto  19,  Ontario. 


VOITS 


WmMr  mi  Mm  b  In 

a«.  dc,  and  RF  ly^  . .  .  vahwtni’i, 
ammatart,  mllli-  and  miaro-aia. 
■Mtan  ...  In  da»m  of  ranga*. 
loth  roMod  and  roclanguiar  m«Mn 
or*  flush  Kovnrad.  301  Sariai 
raquirot  1.12"  dioiMtMr  cutowt,  201 
Sorias  ro«|«ikos  a  2JZ2"  tuMut. 


roi's 


DAYSTROM 


,  INCORPORATED 

WESTON  INSTRUMENTS  DIVISION 
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ANOTHER  e-C  SPACE  SAVER! 

Threaded  Cup  Core  and  Bobbin 
for  Miniaturized  IF  Transformer 
and  Coil  Applications 


Now  you  can  design  miniaturized  IF 
transformers  and  coils  for  AM-FM 
radio  and  television  applications,  and 
maintain  high  “Q”  and  effective  perme¬ 
ability  factors. 

This  new  G-C  threaded  cup  core  and 
ferrite  bobbin  assembly  has  closely  held 
mechanical  tolerances  for  precision 
screw  adjustment,  and  allows  close  cou¬ 


pling  factor  between  the  coil  and  core. 

For  RF  coil  applications,  G-C  offers  a 
complete  line  of  threaded  cores  operat¬ 
ing  in  frequency  ranges  up  to  65  mcs. 
G-C  threaded  cores  are  available  from 
stock  in  Q-1  and  Q-2  material ;  pitch  sizes 
from  V4— 28,  10—32  and  8—32;  lengths 
from  ¥4"  to  IVs"  with  hex,  square  or 
screw-driver  holes. 


Write  for  additional  information  on  the  miniaturized  threaded  cup  core  F1266  and 
bobbin  F1270  and  data  on  G-C  stock  cores.  P.lease  address  inquiries  to  Section  E. 


INDIANA 


OBNBRAL 


GENERAL  CERAMICS 

KEASBEV,  NEW  JERSEY.  U.S.A. 
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. . .  Everything’s  small  but  the  ratings 


When  the  “package”  calls  for  something  smaller  .  .  . 
when  the  circuit  calls  for  dependability  .  .  .  Stackpole 
F-Series  Controls  lead  the  way.  Used  on  everything 
from  transistor  auto  sets  and  pocket  portables  to 
electronic  organs,  these  fully-proved  miniature  vari¬ 
able  resistors  provide  quiet,  reliable  operation. 

Stackpole  F  Controls  are  conservatively  rated  at 
0.3-watts.  They're  available  with  threaded  bushings 
or  fold-tab  mounts  as  well  as  with  standard  lugs  or 
printed  wiring  terminals. 


DP-ST  and  SP-ST  “B”-Series  Switches  perfectly 
complement  the  small  size  of  F  Controls  and  give 
the  tease-proof,  positive  feel  and  audible  “click”  only 
a  true  snap-action  switch  can  provide.  They’re  U.L. 
Inspected  for  1  ampere  at  125  volts  ac-dc;  4  amperes 
at  25  volts  dc. 

For  those  who  have  no  miniaturization  problems, 
however,  Stackpole  also  produces  a  complete  line  of 
standard-size  single  and  dual  controls.  Send  today 
for  full  details.  Electronic  Components  Division, 
STACKPOLE  CARBON  COMPANY,  St.  Marys,  Pa. 


SmCKPOLE 


VARIABLE 

composition 

RESISTORS 


c 


CERAMAGS  FERROMAGNETIC  CORES  •  SLIDE  AND  SNAP  SWITCHES  •  FIXED  COMPOSITION  CAPACITORS  .  COLDITE  70-)-® 
FIXED  COMPOSITION  RESISITORS  •  ELECTRICAL  CONTACTS  •  CERAMAGNETt  CERAMIC  MAGNETS  •  BRUSHES  FOR 
ALL  ROTATING  ELECTRICAL  EQUIPMENT  •  HUNDREDS  OF  RELATED  CARBON  GRAPHITE  AND  METAL  POWER  PRODUCTS 
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for  detailed  waveform  analysis 


Horizontal 


50  mv/cm 


Vertical 
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5  ms/cm 


Vertical 


Horizontal 


10  Msec/cm 


50  mv/cm 


New  differential  plug-in  preamplifier  rejects  up 
to  100  V  of  an  input  signal  .  .  .  accepts  100-v 
waveforms  for  oscilloscope  display  at  50-mvjcm 
V  sensitivity  .  .  .  provides  an  equivalent  vertical 

^“"0^  scale  length  of  ±2000  centimeters. 

'I’ou  can  now  display  small  segments  of  large  waveforms 
at  maximum  oscilloscope  sensitivity,  with  vertical  expansion 
equivalent  to  as  much  as  500  times.  You  can  select  magnified 
“window”  displays  of  all  portions  of  a  waveform,  and  make 
amplitude  measurements  with  a  degree  of  accuracy  that  closely 
approaches  the  possibilities  of  digital  techniques.  The  flexi¬ 
bility  and  simplicity  of  the  analog  (oscilloscope)  presentation 
is  retained  for  accurate  analyses  of  complex  waveforms. 

The  new  Type  Z  Plug-In  Unit  is  a  triple-purpose  device, 
acting  also  as  a  conventional  preamplifier  and  a  differential- 
input  preamplifier.  It  can  be  used  in  all  Tektronix  Type  530, 
540,  550,  and  *580  Series  Oscilloscopes.  Ask  your  Tektronix 
Field  Engineer  to  demonstrate  the  dynamic  range,  waveform 
resolution,  and  amplitude  accuracy  of  the  Type  Z  in  your 
application. 

*with  Type  81  Adapter. 


TYPICAL  APPLICATIONS 

■  PAST-RECOVERY  AMPLIFIER-observe  small  signals 
riding  with  large  gates. 

MODULAT/ON  MONITOR— measure  amplitude  modula¬ 
tion  on  a  digital  train  pulse. 

HIGH-AMPLITUDE  HUM  REJECTION-reject  up  to 
Q  200  volts  peak-to-peak  common-mode  hum. 

SEMICONDUCTOR  CHARACTERISTICS  —measure 
Zener  diode  ac  impedance  and  Zener  voltage  together, 
measure  transistor  output  impedance. 

PULSE-HEIGHT  ANALYSIS— select  any  pulse  above  a 
preset  dc  level. 

COMPONENT  MATCHING— check  components  to  easily- 
interpreted  tolerances. 


MAIN  CHARACTERISTICS 

3  Modes  of  Operation— as  a  conventional  preamplifier,  as  a  dif¬ 
ferential-input  preamplifier,  or  as  a  calibrated  differential  com¬ 
parator. 

SO-mv/cm  Sensitivity-nine  calibrated  attenuation  stepsto25v/cm. 

Wide  Passband— dc  to  13  me  with  Tektronix  fast-rise  scopes. 

■  100-volt  Dynamic  Range— permits  common-mode  signals  up 
to  100  volts  to  be  applied  to  the  unit  without  attenuation. 

40,000  to  1  Common-mode  Rejection  Ratio— allows  measure¬ 
ment  of  differential  signals  less  than  50  millivolts. 

Comparison  Voltage  Accuracy— within  0.25%  on  the  ±1-volt 
scale;  within  0.20%  on  the  ±10-volt  scale;  within  0.15%  on  the 
±100-volt  scale. 

Safety  Feature— the  Type  Z  eliminates  “floating  oscilloscope" 
operation. 

AC  and  DC  VTVM— extends  oscilloscope  accuracy  in  both  ac 
and  dc  voltage  measurements  to  0.2%. 

Price,  Type  Z  Plug-in  Unit,  f.o.b.  factory . $525 


Tektronix,  Inc. 

P.  O.  Box  500  *  Beaverton,  Oregon 
Phone  Mitchell  4-0161  •  TWX— BEAV311  •  Coble:  TEKTRONIX 


TEKTRONIX  FIELD  OFFICES:  Albuquerque.  N.  Mex.  •  Atlanta,  Ga.  •  Baltimore  (Towsen,  Md.)  •  Boston  (ttxington.  Mass.)  •  Buffalo,  N.Y.  •  ChicaQO  (Park  Ridge.  HI.)  *  Cleveland.  Ohio  •  Dallas,  Texas  •  Dayton.  OblO 
Onver,  Colo.  •  Detroit  (Lathrup  Vtllage.  Mich.)  •  Endicott  (Endwell.  N.Y.)  •  Greensboro.  N.C.  •  Houston,  Texas  •  Indianapolis.  Ind.  •  Kansas  City  (Mission,  Kan.)  •  Los  Angeles  Area  (East  Los  Angeles.  Calif., 
fricirto.  Calif.  •  West  Los  Angeles,  Calif.)  •  M».ioeapol*s.  Mmn.  •  New  York  City  Area  (Albertson,  L.I.,  N.Y.  •  Stamford.  Conn.  •  Union.  N.J.)  •  Orlando.  Fla.  •  Philadelphta,  Pa.  •  Phoenix  (Scottsdale,  Anz.) 
Poughkeepsie,  N.Y.  •  San  Dtego,  Cahf.  •  San  Francisco  (Palo  Alto.  Calif.)  •  St.  F^tersburg,  Fla.  •  Syracuse,  N.Y.  «  Toronto  (Willowdale,  On!.),  Canada  •  Washington,  D.C.  (Annandale,  Va.). 

TEKTRONIX  ENGINEERING  REPRESENTATIVES:  Hawthorne  Electronics,  Portland,  Oregon  •  Seattle,  Washington,  Tektronix  Is  represented  in  twenty  overseas  countries  by  qualified  engineering  organizations. 
In  Europe  please  write  Tektronix  Inc.,  Victoria  Ave.,  St.  Sampeont,  , Guernsey  C.t.,  for  the  eddrett  of  the  Tektronix  Reprcitntativa  in  your  country. 
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The  Avnet  System. 

creates  a  new  Concept  of  Supply 


AviMt's  supply  of  electronic  components  is  vast.  At  this  moment,  for  example,  Avnet’s  total 
inventory  of  connectors  is  somewhere  over  AV*  million.  The  Manufacturers  whose  lines  Avnet 
assembles  and/or  makes  available  are  in  constant  awareness  of  your  present  and  future  require¬ 
ments.  The  Avnet  System  is  geared  to  meet  your  demands  of  tomorrow,  next  month,  next  sea¬ 
son,  because  unique  Customer-Avnet-Manufacturer  planning  goes  on  daily. 

This  new  Concept  of  an  overwhelming  Supply  u  one  of  many  advantages  in  The  Avnet  System. 
Avnet  maintains  a  network  of  Sales  Engineers  traveling  the  US.  Each  engineer  has  his  coun¬ 
terpart  in  a  Service  Center  Expediter.  Tremendous  stocking  facilities  are  maintained  strategi¬ 
cally  throughout  the  country.  Avnet  maintains  and  operates  complete  assembly  facilities  for 
Connector  Prototype  requirements.  For  the  most  reliable,  most  constant,  steadiest  source  of 
Supply,  contact  your  nearest  Service  Center  in  The  Avnet  System. 


AVN 


THE  AVNET  SYSTEM 

Man  /  Mathofls  /  Malarial*  /  Managamant 

AVNer  eiecTKONics  corp. 


Avnti  Senrtce  Centers  and  Sloekinf  FacUiliet  are  totaled  In  Los  Anfelei,  Cat.;  Sunnrrale,  Cal.;  Chicato,  lit.;  Dayton,  Ohio;  U'ettbury,  L.  I.;  Barlintton,  Mats. 

Avntt  J'MribulM  from  it«  •tocking  facilitio:  BENDIX  SCINTILLA  CONNECTORS.  SRERRV  SEMICONDUCTORS  RHEEM  SEMICONDUCTORS  ELECTROSNAP  AND  HETHERINTTO  I 
SWITCHES.  CREMAR  CONNECTORS.  CLARE  RELAYS  ROBERTSON  SPLICE  *  CONNECTOR  CASES  BABCOCK  RELAYS  KINO  SUBMINIATURE  Ml  TEMP  CERAMIC  CAPACITOP*. 
•^IC  PRECISION  TRIMMERS  VIBREX  FASTENERS  by  GENERAL  TIRE  *  RUBBER  CO..  U  S  SEMCOR  SEMICONDUCTORS  SANC.AMO  CAPACITORS  SPRAGUE  CAPACiTai.. 
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electronic  m  llivoltmeters 


internal  calibration 


VHF  Voltmeter,  type  GM  6025 

Frequency  range :  0.1  Me  s  -  800  Mc/s 

flat  from  I  Me  $  -  300  Me  '$ 

-  I  dB  at  0.1  Me's 

-  I  dB  at  800  Me/s 

Meaturing  range:  10  mV  (f.s.d.)  -  10  V  divided  into 
7  ranges  in  a  1-3-10  sequenee 

Overall  accuracy:  <S'*n  vvith  respeet  to  full  stale 

Input  resistance :  65  k  O  at  I  Me  s  ;  50  k  Q  at  100  Me  s  ; 

35  k  O  at  200  Me/s 
Input  capacitance :  I  iJuF 
Repfocement  of  the  probe  crystal: 

the  probe  erystal  ean  be  easily  replaeed  and  the  instrument  rapidly 
re-ealibrated  by  the  user 

For  measurements  on  50  0  -eoaxial  lines  the  T-eonnector,  type 
GM  6050T,can  be  ordered 


PHIUPS 


It  should  be  noted  that  all  Philips  electronic  volt¬ 
meters -contain  calibration  standards  which  enable  th^ 
user  easily  and  rapidly  to  check,  and,  if  necessary, 
to  re-calibrate  his  voltmeter  at  any  time  without 
the  use  of  additional  instruments. 


electronic  measuring 


Sold  and  serviced  by  Philips  Organizations  ail  over  the  world 
Further  information  will  gladly  be  supplied  by: 
N.V.  Philips’  Gloeilampenfabrieken,  EMA-Oepartment,  Eindhoven,  the  Netherlands 

For  Canada:  Philips  Electronics  Ind.  Ltd.,  116  Vanderhoof  Ave.,  Toronto  17,  Ont. 
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DC  Microvoltmeter,  type  GM  6020 


Mtasuring  rangt: 
Input  Impt^anee: 

Ovrall  accuracy: 
Pra-deflaction ; 
Drift: 


input  I  input  II 

100  pV  (f.s.d.)-  10  mV  (f.s.d.)> 

10  V  in  II  steps  1000  V  in  II  steps* 

I  MQ  (±  l.50/u1  100  MQ  (±  1.5 o/o) 

in  parallel  with  in  parallel  with 

20  ppF  10  ppF 

with  respect  to  full  scale  ±30/o 
<  5  pV 

I  pV  per  hour  after  I  hour  of  warmln^-up 


Automatic  polarity  indication 

DC  currents  may  be  measured  directly  from  100  ppA  (f.s.d.)  up  to 
10  pA 


instruments: 


LF  Millivoltmeter,  type  GM  6012 

frequency  rang*  •  2  c  s  -  I  Mc/s 

Maaturing  range:  I  mV  (f.s.d.)  -  300  V 

dB  scale:  ~  80  dB  up  to  +52  d 

(0  dB  =  I  mW  into  6i 
Input  Impedance :  4  M  D  in  parallel  witi 

10  M  O  in  parallel  with 
Overall  accuracy:  with  respect  to  full  s< 


Pre-deflection : 


2  c  s  -  I  Mc/s 

I  mV  (f.s.d.)  -  300  V  in  12  steps 
—  80  dB  up  to  +52  dB 
(0  dB  =  I  mW  into  600  O  ) 

4  M  D  in  parallel  with  20  ppF  (up  to  3  V); 

10  M  O  in  parallel  with  lOppF  (in  the  other  ranges ) 
with  respect  to  full  scale 
±  2.50/0.  5  c/s  -  100  kc  $ 

±  50/0.  2  c/t  -  I  Mc/s 
<  100  pV 


HF  Millivoltmeter,  type  GM  6014 

without  with 

pre-attenuator  pre-attenuator 

frequency  range:  I  kcs-30  Me  s  10  kc  s-30  Me's 

Measuring  range:  I  mV  (f.s.d.)  -  100  mV  (f.s.d.)  • 

300  mV  in  6  steps  30  V  in  6  steps 
dB  scale:  —80  dB  up  to  -8  dB  —40  dB  up  to  +32dB 

Damping  at  10  kc/s ;  I  M  Q  50  M  Q 

I  Mc/s:  700  k  Q  10  MQ 

30Mc  s:  50  k  Q  2  MQ 

Input  capacitance:  7  ppF  2  ppF 

Pre-deflection :  compensated  by  electrical  zero  settinf 

Variations  of  the  frequency  choracterlstic : 

<  50/0  over  the  whole  range,  with  respect  to  the  response  at  the 
frequency  of  the  calibration  voltages 

Overall  accuracy:  ±  3<*/o  with  respect  to  full-scale  and  with 
reference  to  the  frequency  characteristic 


quality  tools  for  industry  and  research 
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BINDING  POSTS  AND  PLUGS 

Miniatur*  binding  posts,  plates  and  plugs  are 
available  in  addition  to  the  regular  tine  of 
standard  size  units.  The  plates,  plugs,  and  in¬ 
sulated  binding  posts  are  available  in  black 
or  red.  The  plugs  and  plates  ere  also  available 
in  low  loss  mica  filled  phenolic. 


.lit*;  :■ 


JAMES  MILLEN  MFG.  CO.,  INC. 


MALDEN 

MASSACHUSETTS 
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BIG  NEWS  FOR  USERS  OF  INSTRUMENT  LATHES 


TEVIN 


LATHES 


PRODUCE  SMALL  INSTRUMENT 
PARTS  MUCH  BETTER 


I 


Most  moisture-resistant  coat  ever  achieved . . . 


withstands  30  cycles  of  MIL  moisture ! 


IRC  precision  film  resistors  with  M  Coat  take  30  cycles  of 
moisture,  300%  of  the  MIL-R-10509C  Characteristic  B 
requirement,  tested  in  accordance  with  MIL  standard  202. 

M  Coat  adds  greater  protection  for  the  resistance  element, 
eliminates  handling  and  assembly  damage.  Insulation 
resistance  after  30  cycles  of  moisture  is  over  100  megohms. 


Rating:  watt  at  70®C  ambient.  Standard  tolerance: 

±1%.  Range:  10  ohms  to  2.49  megohms.  Maximum 
contirruous  working  voltage:  350. 

Write  for  Bulletin  AE-15,  International  Resistance  Co., 
401  N.  Broad  St.,  Philadelphia  8,  Pa. 


*Trad4mark  exelngitt  IRC  moiniyre-proof  coalinff 


Leading  suppiier  to  manufaeturer^  of  etectronic  equipment 
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88 IDGEPORT  1 ,  CONNECTICUT 

LOS  ANGELES  (El  Mentc),  CALIF. 

CANADA:  Teroete  28 

PROVIDENCE  3,  R.  1. 

CHICAGO  22,  ILL. 

Clearwater  9-8321 

330  N.  Gibson  Rd. 

141  John  St. 

425  Richmond  St. 

1900  West  Kinzie  St. 

Cumberland  3-8181 

EMpire  8-6171 

JAckson  1-4100 

SEely  3-1234 

Value  is  what  we’re  talking  about.  There  isn’t  a  soul  alive  who  would 
knowingly  throw  away  a  gold  or  silver  or  platinum  watch  case  or  pin 
or  eyeglass  frame.  Because  they’re  worth  money.  This  sense  of  value  is 
responsible  for  a  considerable  part  of  Handy  &  Harman’s  Refining 
activity.  Constantly,  we  are  sent  precious  metal  scrap  from  retail  jewel¬ 
ers  all  over  the  country.  (Yes,  often  in  shoe  boxes.) 

And  just  as  constantly  we  wish  that  industry  had  the  same  sense  of 
value  when  it  comes  to  their  precious  metal  “waste.”  Just  because  it 
doesn’t  look  like  anything  doesn’t  mean  that  it  isn’t  worth  something. 

To  show  you  where  profits  lurk,  we’ve  included  a  list  showing  the 
various  forms  of  precious  metal  waste. 

It  is  by  no  means  complete  (it  is  possible  that  you  have  other  forms). 
May  we  suggest  that  — should  you  be  in  doubt— you  contact  the  Handy 
&  Harman  Refining  Center  nearest  you.  Further,  if  you  are  not  in  doubt 
about  your  waste  bearing  precious  metals,  but  you  are  (or  have  been) 
in  doubt  as  to  its  full  value,  it  will  profit  you  to  send  it  to  us.  Our  Bul¬ 
letin  24  describes  our  Refining  Division  in  detail.  A  copy  awaits  you  at 


Plating  Solutions 
Precipitates,  Sludges  and 
Sediments 

Coated  Copper  Wire  &  Racks 
Filter  Pads 
Anode  Ends  ■ 

Tank  Scrapings 
Electrolytic  Silver 
Hypo  Solutions 
X-Ray  Film 

Coated  Plastics,  Ceramics, 
Glass,  Mica,  Quartz,  etc. 
Chemicals 

Mirror  Solutions- Silver 
Nitrate 

Turnings,  Chips,  Shavings 


Silver  on  Steel  Beorings 
Silver  Steel  Turnings 
Grindings 

Blanking  Scrap,  Stampings,  Strip, 
Wire 

Powder  Mixtures 

Screen  Scrap 

Solder  Scrap 

Brazing  Alloy  Scrap 

Contact  Alloy  Scrap 

Silver  on  Steel,  Tungsten,  Moly  Scrap 

Bi-Metal  Scrap 

Silver  Paint  Waste,  Wipe  Rags,  Paper 
Cans 

Platinum-Bearing  Material 
Gold  on  Moly,  Tungsten,  Wire 


Your  No.  I  Sovrco  ol  Supply  and  Authority  on  Procieut  Motels 

Hhi 

HANDY  &  HARMAN 

General  Offices:  82  Fulton  Street,  New  YorK  38,  N.Y. 


HEEE  YOU  DON’T! 
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United  Eyelets  and 


Eyeleting  Machines  Keep  this  Princess 


on  Constant  Call 


The  new  Princess  telephone  —  a  product  of  the 
Western  Electric  Comp>any  —  is  an  achievement  in 
communication  design  INSIDE  as  well  as  out, 
thanks  in  part  to  a  United  Eyeleting  Machine  that 
automatically  feeds  and  sets  six  twin  United  Eyelets 
in  a  plastic  insulating  terminal  board  no  bigger  than 
a  cigarette  lighter. 

United  achieved  automation  of  terminal  board 
production.  Accurate  alignment  of  the  setting  bar 
and  an  especially  rigid  frame  —  unique  with  the 
Model  F  United  Eyeleting  Machine  —  brings  uni¬ 
form  pressure  to  bear  on  all  six  twin  United  Eyelets 
scattered  over  a  broad  pattern  range.  Reliability  for 
the  lifetime  of  the  Princess  was  thus  assured. 

If  you  want  faster  production  using  greatly  simpli¬ 
fied  setups  of  multiple  mechanisms  plus  absolute  re¬ 
liability  in  multiple  eyelet  patterns,  call  on  United 
.  .  .  where  over  sixty  years’  experience  in  the  design, 
development  and  production  of  eyelets  and  eyeleting 
machines,  is  at  your  service. 

Your  nearest  United  sales  office  has  full  informa¬ 
tion  on  the  complete  line  of  United  Eyelets  and 
Eyeleting  Machines.  Call  or  write  today. 


UNITED  SHOE  MACHINERY  CORPORATION 

140  PKDKRAl.  STRKBT.  BOSTON  7.  M  AS  S  AC  H  U  S  BTTS 

Brancha:  Atlanta,  ca.  •  cmcAco.  ill.  •  Cincinnati,  clkvclano  and  columbus,  Ohio  •  Dallas,  tbzas  •  haksisbubo,  pa.  •  Johnson  crrr,  n.t.  •  los  angelss, 

CALIF.  •  LTNCHBUBG,  VA.  •  MILWAUKEE,  WI8C.  •  NASHVILLE,  TBNN.  •  NEW  TOBX,  N.  T.  •  PHILADELPHIA,  PA.  •  BOCHBSTBB,  N.  T.  •  ST.  LOUIS,  MO. 


December  16,  1960 


CIRCLE  69  ON  READER  SERVICE  CARO  69 


the  best  insulated  ferrule  you  can  buy 


How’s  that  for  speed!  And  the  post-insulation  of  the  Termashield 
Shielded  Wire  Ferrule  is  easily  and  quickly  accomplished  .  .  .  you 
eliminate  close  tolerance  cable  stripping  required  by  other  tech* 
niques  .  .  .  you  eliminate  blind  probing  of  taps  into  other  type 
ferrules  . . .  you  eliminate  solder  and  burnt  cable  . . .  you  eliminate 
lost  time  .  . .  you  eliminate  doubt. 

For  positive  attachment,  top  reliability,  unbeatable  speed  and 
tangible  economy,  get  A-MP  Post-Insulated  Termashield  Shielded 
Wire  Ferrules. 


Write  for  more  information. 


AMP  Incorporated 

GENERAL  OFFICES:  HARRISBURG,  PENNSYLVANIA 

A-MP  products  and  engineering  assistance  are  available  through  subsidiary  companies  in:  Australia  •  Canada  •  England  •  France  •  Holland  •  Japan 


in  the  ground  taps 


the  three  together 
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Stereophonic 

System 
For  Television 
Broadcasting 


Author  Btudying  physical  layout  of  television  tuner  com¬ 
ponents  for  stereophonic  conversion 


Double  sideband  suppressed  subcarrier  is  used  to  transmit  stereo  information  in 
proposed  system  for  compatible  television  stereophony 


the  audio  signal  L  from  the  left  subcarrier.  The  subcarrier  fre- 
side  microphone  and  the  audio  sig-  quency  must  be  midway  between 
nal  R  from  the  right  side  micro-  sweep  frequency  harmonics;  this 
phone  are  combined  to  form  an  limits  the  choice  of  subcarrier  fre- 
L  +  R  audio  signal  as  the  principal  quencies  to  23.65  Kc,  39.375  Kc,  etc. 
modulation  of  the  aural  channel,  The  lower  subcarrier  frequency  will 
replacing  the  present  audio  input  cau.se  less  noise  so  that  in  practice 
signal.  It  remains  therefore  to  the  frequency  is  limited  to  23.65  Kc, 
tran.smit  a  directional  signal,  such  that  is,  H  times  the  sweep  fre- 

&s  L-  R,  by  other  means.  quency.  The  highest  audio  fre- 

A  separate  transmitter  for  such  quency  is  then  limited  to  about  8 
transmission  is  not  attractive  for  Kc  and  the  maximum  deviation  to 
reasons  of  compatibility.  It  was  de-  —8  Kc  so  as  not  to  cause  the  ai>- 
cided  to  transmit  the  L  —  R  infor-  pearance  oi  L  —  R  signal  compo- 

mation  on  a  subcarrier  as  part  of  nents  in  the  L  +  R  band  of  50- 

the  aural  transmitter  output.  15,000  cps. 

Choice  must  now  be  made  be-  The  signal-to-noise  degradation 
tween  an  f-m  modulated  subcarrier  such  a  system  compared  to  a 
and  an  a-m  modulated  subcarrier,  monaural  system  is  given  by 
When  f-m  is  used,  the  subcarrier  Ri  = 

cannot  be  suppressed,  so  that  the  - - - -  ^ 

total  system  frequency  swing  is  / .*[(/. 

measured  by  the  sum  of  the  ampli-  \  ^f^F,* 

tudes  of  the  L  +  R  signal  and  the  Where  8,  =  improvement  factor  for 


By  ROBERT  B.  DOME, 

G<‘neral  Electric  Co., 
Electronics  Park, 
Syracuse,  N.  Y. 


STEREOPHONIC  SOUND  TRANSMISSION 
requirements  for  television  broad¬ 
casting  differ  somewhat  from  those 
for  either  f-m  or  for  broadcast- 
band  a-m  stereophony.  This  is  be¬ 
cause  television  receivers  contain 
intense  potentials  at  horizontal 
sweep  frequency  and  its  harmonics, 
and  these  frequencies  can  have  seri¬ 
ous  effects  on  the  reproduced  sound. 
Stereo  information  must,  therefore, 
be  carefully  placed  in  the  frequency 
spectrum  to  avoid  such  effects.  This 
is  equally  true  whether  the  stereo 
information  is  transmitted  by  fre¬ 
quency-modulating  the  subcarrier, 
or  by  amplitude-modulating  it. 

In  a  manner  similar  to  the  pro¬ 
posals  for  f-m  stereophonic  stand¬ 
ards,  for  reasons  of  compatibility. 


: 


SYSTEM  frequency  SWING  tKC 


FIG.  1 — Degradat'wv  of  monaural 
nignal-to-noise  ratio  hg  stereo  is 
plotted  against  maximum  system 
swing;  L  +  R  deviation  is  ±  25  Kc 
on  peaks.  Three  curves  compare 
different  systems 


deemphasis  for  F.;  8,  =  improve¬ 
ment  factor  for  deemphasis  for  F,; 
A',  =  Deviation  of  Monaural  Sys¬ 
tem/Deviation  of  L  +  R  signal  on 
Main  Carrier;  A'-  =  Deviation  of 
Monaural  System/Deviation  of 
Subcarrier  on  Main  Carrier;  /.  = 
subcarrier  frequency;  F.  =  maxi¬ 
mum  audio  frequency  of  L  —  R 
signal ;  =  maximum  swing  of  F. 

on  f.  (one  way)  ;  and  F„  =  maxi¬ 
mum  audio  frequency  of  L  4-  A 
signal. 

In  the  example,  f,  =  23.625  Kc, 
F.  =  8  Kc,  /.  =  8  Kc,  F.  =  15  Kc, 
8.  =  4.56,  8.  =  2.66,  so  Eq.  1  be¬ 
comes 

A,  =  ,  ‘  (2) 

Now  consider  an  a-m  modulated 
subcarrier  system  using  suppressed 
subcarrier.  Assume  that  the  sub¬ 
carrier  will  be  regenerated  in  the 
receiver  from  a  pilot  carrier  sent 
out  at  the  transmitter.  A  subcar¬ 
rier  frequency  of  23.625  Kc  will  be 
assumed.  The  equation  for  the  sig- 
nal-to-noise  degradation  as  com¬ 
pared  to  a  monaural  signal  is 

lit  = 

1  _ 

. . ,  ^  AVT(7. + Aj'  -  (/.  - A,)»l  6.* 

hi  +  -  [6) 

Where  8.,  =  improvement  factor 
for  deemphasis  for  a-m  for  F.. 

Letting  f.  =  23.625  Kc,  F.  = 


8  Kc,  8.  =  4.56,  8,  =  1.68,  Eq.  3  be¬ 
comes 


VA,*-f-61AV 

This  appears  worse  than  the  f-m 
f-m  case,  but  since  ne.sting  takes 
place  between  the  L  +  R  signal  and 
the  double-sideband  L  —  R  signal, 
Kt  need  never  be  larger  than  A,  .so 
that  noise  conditions  can  be  more 
favorable  for  total  system  devia¬ 
tions  less  than  :±37.5  Kc. 

Figure  1  shows  a  plot  of  R,  and 
As  against  total  system  swing.  Rep¬ 
resentative  swings  have  been  al¬ 
located  to  the  pilot  frequency  and 
A',  =  1  both  for  the  f-m  f-m  case 
and  for  the  f-m /a-m  case.  The 
curves  remain  practically  identical 
when  L  +  A  is  reduced  to  90  per¬ 
cent  or  to  ±22.5  Kc  swing.  How¬ 
ever,  the  minimum  peak  swing  for 
the  f-m/a-m  case  is  equal  to  the 
sum  of  the  pilot  frequency  ampli¬ 
tude  and  the  maximum  amplitude 
allocated  to  L  4-  A. 

Inithe  f-m/a-m  case,  a  subcarrier 
frequency  of  23.625  Kc  was  chosen 
midway  between  sweep  harmonics. 
This  will  permit  the  use  of  L  —  R 
frequencies  up  to  half  the  hori¬ 
zontal  .scan  frequency,  or  up  to  7.875 
Kc.  This  means  the  stereo  effect  is 
limited  to  frequencies  below  7.875 
Kc.  A  filter  to  remove  7.875  Kc 
from  the  L  —  R  detector  in  the  re¬ 
ceiver  is  desirable  to  eliminate  a 


steady  7.875-Kc  tone  in  the  loud¬ 
speakers.  A  filter  having  an  m  of 
0.6  will  have  a  cutoff  of  80  percent 
of  the  infinite  attenuation  fre¬ 
quency,  in  this  case  at  about  6,400 
cps.  The  stereo  effect  is,  therefore, 
best  for  frequencies  below  6,400 
cps  and  tapers  off  to  zero  as  the 
frequency  approaches  7,875  cps. 

One  of  several  frequencies  may 
be  chosen  as  the  pilot  frequency  for 
regenerating  the  23.625-Kc  subcar¬ 
rier.  However,  frequencies  in  the 
audible  range  of  50  to  15,000  cps 
cannot  be  u.sed;  this  makes  it  im¬ 
possible  to  u.se  for  this  purpose  half 
the  subcarrier  frequency.  A  small 
amount  of  the  23.625-Kc  subcarrier 
itself  may  be  used,  but  the  prob¬ 
lem  of  regenerating  a  full-.strength 
subcarrier  from  a  signal  having 
sidebands  close  to  the  subcarrier  is 
.serious.  Although  this  has  been 
done,  it  is  complicated  and  usually 
includes  an  o.scillator  controlled  by 
a  reactance  tube  that  is  in  turn  con¬ 
trolled  by  a  phase-comoarison  de¬ 
tector  and  filter;  three  tubes  may 
have  to  be  used  for  this  auxiliary 
function  alone. 

At  first  thought,  it  might  seem 
feasible  to  use  the  sweep  frequency 
in  the  video  portion  of  the  receiver 
to  generate  the  23.625-Kc  signal. 
For  example,  suppose  the  third  har¬ 
monic  of  15.75  Kc  is  .selected  from 
the  .scanning  wave.  This  frequency 
is  47.25  Kc.  Then  this  frequency 
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FIG.  2 — Block  diagram  of  transmitter  multiplexer  includes  circuits  for 
transmitting  pilot  frequency  of  .19.375  Kc 
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may  be  used  to  synchronize  a  multi¬ 
vibrator  operating  at  half  the  fre¬ 
quency,  or  at  23.625  Kc,  to  furnish 
the  subcarrier.  The  desired  fre¬ 
quency  will  be  produced,  but  its 
phase  is  ambiguous  and  could  be 
either  right,  or  wrong  by  180  deg, 
depending  on  the  synchronizing 
position.  The  acoustic  effect  of  this 
ambiguity  would  be  to  produce  cor¬ 
rect  stereo  or  reversed  stereo.  Fur¬ 
thermore,  the  mode  could  switch 
back  and  forth  at  random  during  a 
program  or  during  network  switch¬ 
ing. 

An  economical  way  of  bypassing 
the.se  problems  is  to  use  39.375  Kc 
for  the  pilot  frequency.  This  is  2J 
times  the  line  frequency  of  15.75 
Kc.  At  the  receiver,  the  pilot  fre¬ 
quency  is  recovered  by  a  selective 
circuit.  It  is  then  combined  with 
15.75  Kc  from  the  sweep  system  to 
produce  23.625  Kc,  since  23.625  = 
39.375  —  15.75.  A  triode  will  per¬ 
form  this  mixer  function  and  pro¬ 
duce  a  23.625-Kc  signal  of  suffi¬ 
cient  amplitude  to  be  a  subcarrier 
for  demodulating  the  23.625  Kc 
sidebands. 

Figure  2  shows  a  block  diagram 
of  the  transmitter  multiplexer.  The 
receiver  demultiplexer  circuit  ap¬ 
pears  in  Fig.  3. 

In  the  receiver  demultiplexer,  the 
L  —  R  detector  may  be  balanced  so 
that  noise  components  from  the 
subcarrier  channel  will  be  mini¬ 


mized  in  the  detected  output.  The 
aural  channel  4.5-Mc  detector  is 
shown  as  a  ratio  detector  with 
balanced  outputs  L  R  and  —  L  — 
R.  Each  is  provided  with  deemphasis 
networks.  f?,C,  and  R-iCt.  The  23.625- 
Kc  sidebands  are  selected  by  a 
tuned  circuit  L,C,  and  this  circuit  is 
made  to  have  a  loaded  Q  of  Q  =  ir 
/  r,  where  /  =  resonant  frequency 
and  T  =  deemphasis  time  constant. 

This  provides  for  proper  deem¬ 
phasis  of  the  L  —  R  signals.  When 
f  =  23,625  cps  and  r  =  75  micro¬ 
seconds,  Q  =  5.57.  The  tuned  cir¬ 
cuit  is  balanced  to  use  a  balanced 
detector  including  diodes  D,  and  Dj. 
The  subcarrier  is  generated  by 
selecting  39.375  Kc  in  the  circuit 
LjCt  and  feeding  the  grid  of  the 
mixer  triode  F,.  The  cathode  is  fed 
a  63-Kc  signal  obtained  from  tuned 
circuit  LjCsC.  connected  to  the  hori¬ 
zontal  output  transformer.  The  dif¬ 
ference  frequency  of  63  —  39.375  = 
23.625  Kc  appears  in  the  plate  cir¬ 
cuit  and  excites  the  tank  circuit 
L.Ct  to  provide  the  subcarrier  re¬ 
quired  to  demodulate  the  sidebands 
in  the  balanced  detector.  The  out¬ 
put  of  the  detector  is  passed 
through  filter  to  reject 

7.875  Kc  and  delivered  to  resistive 
matrixer  R,  and  /?,  as  the  L  —  R 
signal  from  which  the  L  and  —R 
signals  are  derived. 

The  separation  of  L  and  R  as 
measured  for  this  circuit  is  ap¬ 


FIG.  S — Receiver  demultiplexer,  with  aid  of  aweep  frequency  already 
preaent  in  receiver,  reconatructa  pilot  frequency  and  aeparatea  aignala 


0  2  4  6  8  10  12  14  16 

AUDIO  bandwidth  in  kc 

FIG.  h — Improvement  factora  plot¬ 
ted  againat  audio  bandwidth  for 
ayatema  uaing  75-microaecond  pre- 
emphaaia  time  conatant 


proximately  23  db  from  100  to  5,- 
500  cps,  falling  off  to  about  19  db  at 
6,500  cps  as  the  7.875-Kc  filter  reso¬ 
nant  frequency  is  approached. 

The  amplitude  of  the  39.375-Kc 
pilot  signal  for  these  tests  was  10 
percent,  or  the  swing  was  ±2.5  Kc. 
It  is  recommended,  however,  that  a 
swing  of  ±5  Kc  be  adopted  to  pro¬ 
vide  for  circuit  inefficiencies  with 
production-line  receivers.  It  is  also 
recommended  that  the  L  +  R  signal 
amplitude  have  a  peak  deviation  of 
±25  Kc  to  produce  a  fully  compat¬ 
ible  signal  in  existing  receivers.  Us¬ 
ing  a  maximum  system  swing  of 
±30  Kc,  this  system,  as  seen  from 
Fig.  1,  will  produce  a  stereo  signal 
with  a  signal-to-noise  degradation 
of  about  17.9  db. 

The  noise  improvement  factors  8„ 
8,,  and  8,  used  in  the  text  are  ob¬ 
tained  by  integration  and  are  given 
for  convenient  use  in  the  form  of 
curves  in  Fig.  4,  for  the  cases  where 
the  preemphasis-deemphasis  time 
constant  is  75  microseconds. 

A  summary  of  the  principal  char¬ 
acteristics  of  this  proposed  system 
follows : 


Main  channel  eixnal 

L+R 

Subcarrier  aiKnal 

L-R 

Preeinphasia  time 
conatant  (each) 

75  microaec. 

Subcarrier  frequency 
( auppreased  ) 

23.625  Kc 

Pilot  frequency  aixnal 

39.375  Kc 

lieviation  of  pilot  signal 

±5  Kc 

Maximum  deviation 
of  Lr4-R  aignal 

±25  Kc 

Maximum  deviation 
of  L>— R  aidebanda 

±25  Kc 

Maximum  deviation  of  ayatem 

±30  Kc 
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Engine  parameters  are  recorded  while  an  automobile  undergoes 


road  tests.  The  magnetic  tapes  then  program  a  laboratory 


engine  so  further  tests  can  be  made  under  actual  road  conditions 


By  VERN  C.  VANDERBILT  Jr.,  CLARENCE  L.  ZIMMER, 


EngineerinK  Division,  Perfect  Circle  Corp.,  Hagerstown,  Indiana 


CONVENTIONAL  steady-3tate  dyna¬ 
mometer  testing  of  an  internal  com¬ 
bustion  engine  to  determine  service 
oil  economy  or  engine  wear  is  com¬ 
parable  to  testing  a  material  in  a 
short-time  tensile  test.  Only  a  few 
properties  of  the  material  may  be 
determined.  To  obtain  more  com¬ 
plete  information,  a  test  that  dupli¬ 
cates  the  service  must  be  used. 

The  usual  day  to  day  trial  in  a 
customer’s  service  is  random  be¬ 
cause  of  variations  of  w’eather, 
driver  and  traffic  conditions.  These 
variables  make  comparisons  of  dif¬ 
ferent  procedures  virtually  impos¬ 
sible.  The  usefulness  of  service  test¬ 
ing  is  therefore  most  often  limited 
to  final  evaluation  of  designs  that 
have  already  been  evaluated.  The 
time  needed  to  simulate  customer 
usage  is  considerable,  so  the  first 
departure  from  a  customer  service 
test  is  made  in  the  accelerated  road 
test,  which  usually  duplicates  the 
toughest  customer  service.  Round- 
the-clock  accelerated  testing  causes 
additional  differences.  The  time- 
temperature  reactions  that  nor¬ 
mally  occur  in  the  oil  and  engine 
parts,  cannot  be  duplicated  because 
of  the  time  required.  Again,  the 
answers  are  random  for  the  same 
reasons  that  customer  service  an¬ 
swers  are  random. 

The  programmed  dynamometer 
test  is  similar  to  the  accelerated 
road  test.  The  fidelity  of  the  test 
depends  on  how  the  program  that 
controls  the  engine  on  the  dyna¬ 
mometer  is  obtained  and  used.  The 
program  is  generated  here  by  re- 
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T  :  PERIOD  OF  LINE  VOLTAGE  MEASURING  CIRCUIT 

FIG.  1 — Frequency  measuring  circuit  develops  d-c  voltage  proportional 
to  frequencies  of  input  signals 


FIG.  2 — Command  signal  from  tapes  is  combined  with  feedback  signal 
from  engine.  Each  engine  test  has  its  oum  bandpass  filter 


Engine  Dynamometer  Tests 


cording  on  tape  the  actual  engine 
parameters  as  the  engine  is  tested 
under  road  conditions.  This  same 
tape  controls  the  engine  undergo¬ 
ing  dynamometer  test. 

The  .system  uses  a  series  of  trans¬ 
ducers  to  measure  engine  parame¬ 
ters  during  road  test.  This  infor¬ 
mation  is  .stored  on  magnetic  tape 
as  f-m  signals. 

The  tran.sducer  that  converts  en¬ 
gine  .speed  to  an  f-m  signal  is  an 
a-c  tachometer  belted  to  the  fan  belt 
such  that  the  generator  develops  24 
alternations  of  current  for  every 
revolution  of  the  engine.  Thus,  at 
600  rpm  of  the  crankshaft,  the  gen¬ 
erator  produces  a  240-cps  voltage. 
With  this  generator  ratio,  a  5,000- 
rpm  signal  represents  a  2,000-cps 
signal. 

The  coolant  temperature,  mani¬ 
fold  air  pressure  and  oil  tempera¬ 
ture  are  converted  to  f-m  signals 
with  center  frequencies  at  3,000 
cps,  5,400  cps  and  7,350  cps.  The 
four  signals  are  mixed  and  recorded 
on  one  track  of  tape. 

Deviation  of  the  velocity  of  the 
recording  tape  from  a  standard 
w’ould  produce  an  error  either  dur¬ 
ing  recording  or  reproducing.  Most 
quality  tape  recorders  use  a  syn¬ 


chronous  motor  to  maintain  con- 
-stant  tape  speed  over  the  head.  If 
the  supply  frequency  varies,  so  does 
the  tape  speed.  A  one-percent  varia¬ 
tion  of  velocity  produces  a  similar 
frequency  error. 

This  error  is  serious  when  a  nar¬ 
row  band  of  frequencies  represents 
100  percent  of  the  variations  of  a 
recorded  factor.  If  the  frequency 
bandwidth  is  15  percent  of  the  cen¬ 
ter  frequency,  a  one  percent  varia¬ 
tion  in  all  recorded  frequencies  will 
result  in  a  63-percent  error  of  total 
parameter  variation,  since  100  per¬ 
cent  of  the  parameter  occupies  only 
15  percent  of  the  frequency  band. 
The  error  is  multiplied  by  100/15 
or  63  times.  To  compensate  for  line- 
frequency  variation,  the  portable 
tape  recorder  contains  a  speed  servo 
loop  that  controls  the  d-c  capstan 
motor. 

For  playback  the  command  sig¬ 
nal  is  contained  in  the  frequency 
band  representing  the  parameter, 
while  the  feedback  is  a  signal  de¬ 
rived  from  the  engine  on  the  test 
stand.  The  error  detector  compares 
the  two  signals  and  cau.ses  an  actu¬ 
ator  to  change  the  parameter  con¬ 
trol  to  eliminate  the  error. 

The  error  detection  or  compari¬ 


son  of  two  frequencies,  command 
and  feedback,  could  compare  two 
d-c  voltages  that  have  been  derived 
from  the  two  frequencies.  However, 
if  each  frequency  to  d-c  analog  volt¬ 
age  conversion  is  not  performed  ex¬ 
actly  the  same  for  each  signal,  an 
apparent  error  will  exist  and  cause 
a  real  error. 

The  comparator  circuit  is  de- 
signed  .so  that  component  variations 
and  changes  with  time  do  not  affect 
the  error  signal.  Figure  1  .shows 
the  frequency  comparator  circuit. 
The  .synchronous  switch  causes  first 
the  tape  signal,  then  the  feedback 
signal  to  be  placed  on  a  line  alter¬ 
nately  and  synchronously  with  the 
IKJwer  line  voltage.  Thus,  the  tape 
signal  is  placed  on  the  output  termi¬ 
nals  when  the  line  is  positive  with 
respect  to  ground.  When  the  line  is 
negative,  the  feedback  signal  is  on 
the  output  line.  This  is  represented 
by  the  small  graph  following  the 
.synchronous  .switch.  The  frequency¬ 
measuring  circuit  develops  a  d-c 
voltage  proportional  to  the  fre¬ 
quency  of  the  input  signal.  Since 
this  signal  may  consist  of  a  half 
period  of  high-frequency  signal  fol¬ 
lowed  by  one  of  low  frequency,  the 
d-c  output  will  vary  with  time  and 
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have  the  same  period  as  the  line. 
Figure  1  is  a  representation  of  two 
conditions,  one  where  the  tape  sig¬ 
nal  has  a  higher  frequency  than  the 
feedback  signal,  and  one  where  the 
opposite  is  true.  The  signal,  after 
the  d-c  conversion,  contains  a  60- 
cycle  component,  which  changes 
phase  180  degrees  when  the  tape 
and  feedback  signals  reverse  fre¬ 
quency  relation.  The  amplitude  of 
the  60-cycle  component  is  propor¬ 
tional  to  the  magnitude  of  the  dif¬ 
ference  in  frequency. 

At  the  null  point  when  the  fre¬ 
quency  of  each  input  is  the  same, 
the  60-cycle  signal  vanishes,  even 
if  the  frequency  to  d-c  conversion 
drifts  with  time.  This  is  the  sig¬ 
nal  needed  to  control  a  two-phase 
induction  motor  with  a  high  resist¬ 
ance  armature. 

The  frequency  comparator  is 
shown  in  Fig.  2.  The  command  in¬ 
put,  supplied  from  the  magnetic 
tape,  consists  of  four  f-m  signals  in 
their  respective  portions  of  the 
audio  spectrum.  The  frequency 
band  containing  the  information 
for  the  variable  to  be  controlled  is 
selected  by  the  bandpass  filter.  The 
signal  then  passes  through  the  lim¬ 
iter  to  the  command  portion  of  the 
synchronous  switch. 

The  feedback  signal  from  the 
transducer  measuring  the  con¬ 
trolled  variable  is  fed  to  a  limiter 
and  switch  section  identical  to 
those  in  the  command  section.  A 
filter  is  not  necessary  because  the 
feedback  signals  are  separated,  each 
coming  from  its  own  transducer. 

The  two  switch  sections  driven  by 
the  line  frequency  square-wave  gen¬ 
erator  operate  as  a  line-synchronous 
single-pole  double-throw  switch. 

After  amplification,  the  sampled 
signal  triggers  a  bistable  multivi¬ 
brator.  The  square  wave  output  is 
amplified  and  drives  the  frequency 
measuring  circuit.  Thus,  the  fre¬ 
quency  to  d-c  conversion  yields  a 
wave  whose  fundamental  component 
is  line  (carrier)  frequency.  This 
signal,  when  amplified  and  phased, 
will  drive  the  servo  motor  to  change 
the  controlled  variable.  Thus,  the 
frequency  of  the  feedback  signal  is 
brought  into  coincidence  with  that 
of  the  command. 

One  ».hannel  of  the  frequency 
comparator  is  shown  in  Fig.  ,3.  All 
channels  are  identical,  except  for 
the  command  signal  bandpass  filter 
and  capacitor  C,. 


Limiters  Q,  and  Q,  clip  at  a  level 
corresponding  to  0.5  peak-to-peak 
in  the  feedback  section  and  5  v 
peak-to-peak  in  the  command  sec¬ 
tion.  They  prevent  overloading  of 
the  switch  and  spillover  of  one  sig¬ 
nal  into  the  sample  period  of  the 
other.  An  amplitude  change  at  the 
input  to  the  limiter  of  greater  than 
100  to  1  can  be  tolerated  without 
introducing  error  into  the  system. 
The  emitters  of  switch  transistors 
Q,  and  Q;  are  driven  in  push  pull 
with  the  60-cycle  square  wave  by 

Q,  and  Q,  so  that  they  are  alter¬ 
nately  conducting  and  cut  off.  The 
combined  outputs  of  and  0,  ap¬ 
pear  across  common  load  resistor 
/?,.  The  d-c  levels  of  the  two  tran¬ 
sistors  are  balanced  by  R..  This  con¬ 
trol  is  adjusted  for  no  60-cycle 
square-wave  component  at  the  in¬ 
put  to  Q,  with  no  command  or  feed¬ 
back  signal. 

Transistor  Q,  amplifies  the  sam¬ 
pled  signal  to  a  level  that  will  insure 
reliable  triggering  of  multivibrator 
Q«-Q„.  All  coupling  capacitors  that 
handle  the  sampled  signal  must  be 
large  enough  to  pass  the  60-cycle 
square  wave  or  small  enough  to  defi¬ 
nitely  reject  it. 

The  multivibrator  duplicates  with 
a  square  w’ave  each  cycle  of  the 
sampled  signal.  Its  output  wave¬ 
form  is  required  to  be  of  constant 
slope  and  constant  amplitude  only 
from  one  1/120  second  sampling  pe¬ 
riod  to  the  next.  Slow  changes  in 
collector  voltage  or  operating  point 
shift  with  temperature  have  no  ef¬ 
fect  on  the  system.  Power  ampli¬ 
fier  stage  Q,o  prevents  loading  of 
the  multivibrator  and  furnishes 
sufficient  drive  for  the  frequency¬ 
measuring  circuit. 

The  frequency  to  d-c  conversion 
is  accomplished  by  C,,  diodes  D,  and 
and  D„  and  the  low-pass  section 

R, -Ct.  A  sharp  pulse  appears  across 
across  R,  for  each  negative  going 
leading  edge  of  the  square  wave. 
If  Cl  is  kept  small,  so  that  no  pulse 
overlap  occurs,  the  combined  area 
of  pulses  is  proportional  to  fre¬ 
quency. 

The  R^-C,  combination  and  all 
succeeding  low-pass  netw’orks  must 
pass  the  60-cycle  component,  but 
should  attenuate  the  command  and 
feedback  frequencies. 

Emitter  follower  prevents  ex¬ 
cessive  loading  of  the  frequency¬ 
measuring  circuit.  It  also  gives  a 
low-impedance  output,  allowing  an¬ 


other  low-pass  network  R.-.-Ct  to  be 
placed  betw’een  stages.  Voltage 
gain  is  provided  by  Qa. 

Regardless  of  the  type  of  switch¬ 
ing  used,  when  the  command  and 
feedback  frequencies  are  equal  but 
not  in  phase,  a  discontinuity  will 
occur  at  the  instant  of  switching. 
These  discontinuities  appear  as 
pulses  in  the  output  and  occur  at  a 
120-cps  rate.  This  120-cps  compo¬ 
nent  cannot  operate  the  servo  mo¬ 
tor  and  cannot  directly  introduce 
an  error  into  the  system.  However, 
when  high  gain  is  desired,  the  120- 
cps  noise  can  saturate  the  amplifiers 
and  prevent  the  system  from  re¬ 
sponding  to  a  real  error  input.  The 
signal-to-noise  ratio  in  the  60-cycle 
amplifier  determines  the  amount  of 
error  needed  to  cause  a  response 
from  the  servo  motor.  The  120-cps 
notch  filter  improves  the  signal-to- 
noise  ratio  by  greater  than  100  to  1. 
An  input  frequency  difference  of 
less  than  0.1  percent  can  be  de¬ 
tected.  Transistors  Q,,  and  Q,,  pro¬ 
vide  the  impedances  for  operation 
of  this  notch  filter. 

Gain  control  R,  and  low-pass  net¬ 
work  Ri-C,  further  improve  the 
waveform.  The  signal  is  amplified 
by  Qtr.,  which  is  biased  to  handle 
the  highest  possible  signal  swing 
without  saturation.  The  output  of 
Qir,  is  fed  to  the  power-amplifier. 

In  the  power  amplifier,  two  vac¬ 
uum-tube  voltage  amplifiers  in¬ 
crease  the  signal  amplitude  suffi¬ 
ciently  to  drive  the  tube  power  am¬ 
plifier.  A  60-cycle  notch  filter  can 
be  adjusted  to  act  upon  the  desired 
portion  of  the  signal  to  provide  lead 
network  stabilization. 

The  current  delivered  to  the  con¬ 
trol  winding  of  the  tw’o-phase  motor 
must  have  a  90-degree  phase  rela¬ 
tionship  to  that  of  the  reference 
winding.  Because  the  reference 
winding  is  in  series  resonance  and 
the  control  winding  is  in  parallel 
resonance,  this  relationship  occurs 
when  the  control  voltage  is  in  phase 
with  the  line.  Low-pass  filtering  of 
the  control  signal  introduces  a 
phase  shift,  and  a  correction  for 
this  shaft  must  be  made.  This  may 
be  done  at  the  switches  by  shifting 
the  phase  of  the  60-cycle  square 
wave  or  before  the  power  amplifier 
by  shifting  the  phase  of  the  control 
signal  itself.  Both  methods  have 
been  used  with  equal  success.  Shift¬ 
ing  the  60-cycle  square  wave  affects 
all  channels  switched  by  it,  while 
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FIG.  U — Square-wave  generator  i«  triggered  from  line  FIG.  5 — Resistance-to-frequency  transducers  form  tun- 
reference  and  can  be  adjusted  in  phase  and  duty  cycle.  ing  network  to  vary  oscillation  frequency.  Both  positive 
Output  signal  goes  to  frequency  comparator  and  negative  feedback  is  used  in  this  oscillator  circuit 


the  phase  of  one  control  signal  can 
be  altered  independently  of  the 
others  if  done  at  the  power  ampli¬ 
fier.  One  model  of  power  amplifier 
includes  a  phase  adjustment. 

A  schematic  diagram  of  the 
square-wave  generator  is  shown  in 
Fig.  4.  Bistable  multivibrator  Q,- 
Q,  is  triggered  from  6.3-volt  trans¬ 
former  r,  through  master  phasing 
network  R,  and  C,.  The  position 
of  R,  controls  the  phase  of  the 
switching  square  wave  with  re¬ 
spect  to  the  line  and  therefore 
determines  the  phase  of  the  output 
signals  of  all  four  channels.  Duty 
cycle  adjustment  R,  should  be  set 
for  equal  periods  of  positive  and 
negative  half  cycles.  Transistor  Q, 
is  a  buffer  amplifier  and  phase  split¬ 
ter.  The  out-of-phase  signals  are 
then  amplified  at  low  impedance  by 
emitter  followers  Q,  and  Qv  Suffi¬ 
cient  power  to  drive  the  switches 
of  four  frequency  comparator  chan¬ 
nels  is  available  at  the  emitters. 

The  temperature  and  manifold 
air  pressure  signals  are  generated 
in  the  transducer.  The  rpm  signal 
from  the  tachometer  generator  is 
amplified  by  a  preamplifier  in  the 
transducer  case.  For  recording,  the 
four  signals  are  mixed  and  fed  to 
the  microphone  input  of  the  tape 
recorder.  On  playback,  they  are  fed 
individually  to  the  frequency  com¬ 
parator  chassis  controlling  each 
variable. 

Dttcember  16,  1960 


Dual-track  recording  with  either 
automatic  reversing  or  manual 
turnover  of  the  reels  at  the  end  of 
the  tape  has  been  used.  In  either 
case,  it  is  desirable  to  provide 
standby  command  signals  to  hold 
the  engine  variables  at  preset  con¬ 
ditions  while  no  signal  is  received 
from  the  tape.  A  bridged-T  type 
audio  oscillator  has  been  provided 
to  cover  each  of  the  four  bands.  A 
signal  sensing  circuit  automatically 
switches  these  oscillators  to  the 
command  input  in  the  absence  of 
a  tape  signal. 

Figure  5  shows  the  oscillator  cir¬ 
cuit  for  the  resistance-to-frequency 
transducer.  The  circuit  uses  posi¬ 
tive  and  negative  feedback  loops 
with*  a  notch  network  as  the  fre¬ 
quency  determining  element.  An  in¬ 
candescent  lamp  in  the  forward  loop 
gives  amplitude  stabilization. 

Transistors  Q,  and  Q,  form  a 
grounded  collector  stage  with  an 
output  impedance  of  approximately 
50  ohms.  The  forward  signal  path 
is  from  the  emitter  of  Q,  through 
the  lamp  and  C,  to  the  emitter  of 
Potentiometer  R,  adjusts  the 
forward  gain  and  thus  the  oscil¬ 
lator  amplitude.  The  forward  loop 
is  completed  from  collector  of  Q, 
to  the  base  of  Q,. 

The  negative  feedback  path  con¬ 
sists  of  a  notch  network  and 
grounded  collector  stage  Q.,  to  the 
base  of  The  notch  network  must 


be  operated  into  as  high  an  im¬ 
pedance  as  possible  so  that  the 
change  in  input  impedance  of  the 
driven  stage  with  temperature  does 
not  cause  a  change  in  loading.  Be¬ 
cause  the  frequency  is  controlled  by 
changing  resistance,  the  impedance 
of  the  notch  network  does  not  re¬ 
main  constant.  Thus,  loading  of  the 
notch  network  would  cause  serious 
amplitude  variations  as  the  oscil¬ 
lator  is  modulated. 

All  bypass  and  coupling  capaci¬ 
tors  above  one  microfarad  are 
tantalum  for  low  leakage  and  tem¬ 
perature  stability.  Germanium  npn 
transistors  were  used  for  low  col¬ 
lector  capacitance.  This  oscillator 
was  designed  to  operate  over  a  tem¬ 
perature  range  of  35  F  to  120  F  and 
the  frequency  variation  over  this 
temperature  range  can  be  expected 
to  be  ±3  cycles  or  less  at  an  oper¬ 
ating  frequency  of  3,000  cps. 

A  12-v  power  supply  furnishes 
power  for  the  transistor  circuits. 
The  primary  requirement  of  a 
power  supply  for  this  system  is  low 
dynamic  output  impedance  to  fre¬ 
quencies  of  60  cps  and  higher.  Ab¬ 
solute  regulation  of  voltage  with 
line  voltage  change  or  slow  load 
change  is  only  of  minor  importance. 

A  simple  current  amplifier  type 
of  power  supply  is  used  with  Zener 
diodes  used  as  a  voltage  reference. 

The  load  is  divided  as  a  precau¬ 
tion  against  intercircuit  coupling. 
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DIGITAL  CONVERSION  OF 

ELECTROENCEPHALOGRAPH 

Automatic  system  translates  graph  records  directly  to  punched-tape  input 


By  M.  G.  SAUNDERS,  M.D., 

EEG  Department,  WinnipeK  General  Hospital. 
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THE  ELECTROENCEPHALOGRAPH 
fEEG)  records  electrical  changes 
in  the  brain.  Its  record  localizes 
and  demonstrates  disturbed  func¬ 
tions  of  the  brain  in  cerebral 
tumors,  psychiatric  disorders,  con¬ 
vulsions  and  the  like.  About  a 
quarter  million  electroencephalo¬ 
grams  are  made  each  year  in  North 
America  alone.  Since  these  are  ana¬ 
lyzed  by  visual  examination,  this 
number  repre.sents  a  considerable 
mass  of  data;  any  procedure  that 
can  assist  the  interpreter  in  picking 
out  abnormalities  and  relating  them 
to  disease  is  of  great  value.  The 
work  can  be  simplified  by  computer 
processing  of  EEG  data.  Since 
records  are  made  as  curve  tracings 
they  first  have  to  be  converted  into 
a  digital  form  suitable  for  feeding 
into  a  computer. 

The  electroencephalograph  used 
has  eight  channels,  each  recording 
activity  in  a  different  area  of  the 
brain.  The  chart  moves  at  30  mm 
a  second,  while  the  pens  register 
voltage  on  it.  Each  trace  may  have 
a  peak-to-peak  amplitude  up  to  2.5 
cm,  and  the  traces  are  about  one 
inch  apart. 

The  digital  converter  (Fig.  1), 
has  three  main  parts.  A  reading 
area  of  frosted  glass,  on  the  left, 
is  lighted  from  below  by  fluorescent 
lamps.  The  EEG  record  is  placed 
on  it  and  scanned  by  a  photocell 
unit  moving  over  it.  The  rack  as¬ 
sembly  includes  a  digital  voltmeter, 
relays  and  power  packs.  On  the 
right  of  the  rack  is  a  Clary  printer 
and  a  computer  tape  punch.  The 
converted  digital  data  is  then  fed 
to  an  LGP30  computer. 

Figure  2  shows  the  scanning  head 
assembly  in  detail.  It  consists  of 
eight  small  light-tight  cases,  on 


phosphor-bronze  arms,  which  are 
attached  to  spindles  of  potentiom¬ 
eters.  To  correct  the  curvilinear 
di.stortion  caused  by  the  swing  of 
the  recording  pens,  the  scanning 
head  arms  are  exactly  the  same 
length  as  the  pen  arms. 

Figure  3  shows  how  the  scan¬ 
ning  heads  are  constructed.  The 
small  case  contains  a  solar  battery, 
insulated  from  the  walls  by  Plexi¬ 
glass.  A  small  hole  in  the  case, 
about  0.3  mm  in  diameter,  sweeps 
across  the  EEG  records  and,  as  it 
moves  across  an  ink  line,  a  pulse  is 
generated.  This  pulse  is  then  am¬ 
plified.  The  photocell  is  moved  back 
and  forth  across  the  record  by  a 
small  remotely  mounted  motor  driv¬ 
ing  a  reciprocating  slider  arm 
through  a  Bowden  cable.  Since  the 
slider  arm  of  the  potentiometer  fol¬ 
lows  exactly  the  position  of  the 
photocell,  the  voltage  on  the  slider 
is  proportional  to  the  photocell  dis¬ 
placement.  Each  potentiometer 
forms  part  of  a  Wheatstone  bridge 
and  each  potentiometer  arm  is  con¬ 
nected,  through  a  high-speed  relay, 
to  a  Mylar  capacitor  (Fig.  4).  One 
potentiometer  is  for  scanning,  the 
other  for  zero  adjusting.  With  the 
relay  contacts  closed,  the  capacitor 
voltage  is  directly  proportional  to 
the  displacement  of  the  scanning 
head.  The  pulse  produced  when  the 
cell  passes  an  ink  line,  opens  the 
relay  and  leaves  on  the  capacitor  a 
charge  proportional  to  the  ampli¬ 
tude  of  the  EEG  record  at  that  in¬ 
stant. 

Each  channel  has  a  similar  scan¬ 
ning  unit ;  thus  the  amplitude  of  all 
eight  curves  can  be  sampled  at  the 
same  moment.  When  all  eight  ca¬ 
pacitors  have  been  switched  out  of 
the  circuit,  another  relay  closes  and 


a  stepping  relay  connects  each  ca¬ 
pacitor  in  turn  to  a  high-impedance, 
unity-gain  amplifier.  Its  output  is 
fed  to  the  digital  voltmeter.  As 
soon  as  the  meter  balances,  the  volt¬ 
age  or  equivalent  amplitude  of  the 
channel  is  printed  by  the  printer 
and  punched  on  computer  tape. 

It  is  possible  to  read  out  from  one 
to  eight  channels  of  the  EEG  rec¬ 
ord.  A  Nixie  indicator  tube  lights 
up  to  show  which  channel  is  being 
read,  and  the  amplitude  between 
minus  99  and  plus  99  appears  on 
the  digital  voltmeter,  the  printer 
and  punch,  thus  reading  out  chan¬ 
nel  number,  sign  and  amplitude. 
When  all  channels  have  been  read 
out  a  9  -t-  00  is  printed  and 
punched.  At  this  point,  the  scan¬ 
ning  head  moves  forward  one-half 
mm  on  tooth  rails,  the  capacitors 
are  reconnected  to  their  potentiom¬ 
eters  and  the  scanning  motor  starts. 
As  soon  as  all  high-speed  relays  to 
the  capacitors  have  tripped,  the 
readout  cycle  starts  again. 

Originally,  the  record  was  lighted 
by  incandescent  lamps  fed  by 
smoothed  d-c.  However,  the  solar 
batteries  used  as  photocells  are 
sensitive  to  infrared  and  the  major¬ 
ity  of  EEG  inks  are  transparent  to 
infrared;  as  a  result  the  signal-to- 
noise  ratio  was  poor.  Better  results 
are  obtained  with  fluorescent  lamps 
run  at  saturation  and  fed  by  d-c. 
A  polarity-changing  switch  must  be 
used  to  avoid  building  up  of  glow 
at  one  end  of  the  tubes  after  sev¬ 
eral  hours  of  use. 

Backlash  in  potentiometers  made 
it  necessary  to  allow  the  pulses  to 
trigger  the  relays  only  on  the  up¬ 
stroke;  to  do  this,  a  microswitch 
was  inserted  on  the  scanning  motor 
to  short  the  grids  of  the  relay — 
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FIG.  1 — Table  at  left  carries  record-reading  device.  Fluorescent  lamps 

,  .  j  •  light  record  from  below,  photocell  units  scan  it  from  above 

pulsing  ampliners  during  the  scan 

downstroke.  Due  to  polarization  ef¬ 
fects  all  capacitors  connected  to  the 
potentiometers  must  be  Mylar; 
these  do  not  introduce  any  notice¬ 
able  polarization  errors. 

In  an  accuracy  test,  a  sloping  line 
was  drawn  on  a  blank  sheet  of  EEG 
paper  and  scanned  three  separate 
times.  The  three  digital  represen¬ 
tations  were  then  superimposed  and 
found  to  agree  within  one  thickness 
of  the  original  line. 

A  test  was  made  for  the  total 
error,  produced  by  the  EEG  ampli¬ 
fier,  pen  recorders  and  digital  con¬ 
verter.  A  sine  wave  was  fed  into 
the  EEG  amplifier  input,  recorded 
and  converted  into  digital  form. 

The  figures  were  plotted  on  an  x-y 
recorder  and  a  superimposed  plot 
made  from  sine  tables.  Distortion 
was  little  more  than  the  thickness 
of  the  line  of  the  original  electro¬ 
encephalogram. 

This  digital  converter  is  inca¬ 
pable  of  reading  records  on  paper 
with  printed  scale  lines  or  grids, 
unless  these  are  exceptionally  faint. 

Weak  inks  do  not  give  a  sufficiently 
large  pulse  to  trip  the  relays,  nor 
will  excessively  thick  paper  permit 
enough  light  to  come  through  to 
make  a  good  pulse.  In  its  present 
form,  the  device  can  scan  continu¬ 
ously  only  ten  inches  of  record,  and 
is  slow  in  conversion.  This  slow¬ 
ness  is  mainly  due  to  the  balancing 
time  taken  by  the  digital  voltmeter; 
at  present  it  takes  about  one  and  a 
half  seconds  to  read  out  one  point. 

However,  the  system  is  automatic 
and  does  not  require  continuous  at¬ 
tention  during  operation. 

This  equipment  was  developed 
under  a  Canadian  Public  Health 
Grant,  Mental  Health  Division. 


FIG.  2 — Scanning  device  has  special  photocell  and  arm  for  each  graph 
channel.  Conversion  is  made  point  by  point  at  i-mm  intervals 
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FIG.  S — Cross  section  shows  construction  of  scanning  head.  Solar  battery 
unit  serves  as  photocell 
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FIG.  i — Wheatstone  bridge  arrangement  provides  a  voltage  signal  pro¬ 
portional  to  amplitude  of  graph.  Capacitor  charges  to  this  voltage,  later 
feeds  it  into  converter 
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Gas  Clipper  Tubes  for  Radar  Service 


Thyratron  clijtper  tubes  are  used  in  high-power  radar  modulators  to  prevent 
dangerous  voltages  from  building  up  in  the  pulse-forming  network.  Example 
using  design  charts  shows  hoiv  to  select  correct  tube  for  an  application 


finding  of  this  study  indicated  that 
a  hydrogen-filled  triode  at  the  far 
end  of  the  pulse-forming  line  pro¬ 
vided  the  most  effective  clipping. 
The  7454  (12.5  megawatt  level)  and 
the  7455  (33  megawatt  level)  clip¬ 
per  tubes  were  developed  for  such 
use. 

Basic  line-type  radar  modulators 
consist  of  a  switch  tube,  load  and 
pulse-forming  network  (PFN).  The 
load  is  usually  a  magnetron  or  kly¬ 
stron,  coupled  to  the  circuit  through 
a  pulse  transformer.  The  network 
is  negatively  matched,  that  is,  the 
load  has  a  smaller  impedance  than 
the  characteristic  impedance  of  the 
pulse-forming  network.  Such  mis¬ 
match  results  in  a  negative  voltage 
remaining  on  the  network  after  the 
main  discharge  pulse.  This  voltage 
adds  to  the  power  supply  voltage  on 
the  next  charging  cycle. 

When  a  load  fault  occurs,  the 
mismatch  ratio  is  increased  and  the 
negative  voltage  rises  forcing  the 
line  to  charge  to  a  higher  voltage. 
A  number  of  successive  faults  can 
produce  dangerously  high  voltages 
on  the  circuit  components.  If  equi¬ 
librium  is  reached,  the  final  net¬ 
work  voltage  is  ’ 

T,  =  E,,  (1  -h  7)/(l  +  yK) 
where  y  =  e~Tl2Q 

and  K  =  (R  -  Zo)/(R  +  Z.)  (1) 

In  these  equations  is  the 
power  supply  voltage,  Q  is  the  qual¬ 
ity  factor  for  a  d-c  resonant  charge 
circuit,  Z.  is  the  network  character¬ 
istic  impedance  and  R  is  the  total 
series  resistance  in  the  discharge 
loop  when  the  load  is  shorted. 
Spasmodic  faults  can  result  in  un¬ 
equal  line  charging  voltages  that 
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may  cause  serious  amplitude  modu¬ 
lation. 

The  negative  mismatch  voltage 
also  produces  an  inverse  current 
pulse  in  the  switch  tube  immedi¬ 
ately  following  the  main  discharge 
pulse.  As  deionization  proceeds, 
this  current  decays  rapidly  produc¬ 
ing  aif.  inverse  voltage  spike  across 
the  sw\itch  tube.  Its  energy  is  dis¬ 
sipated  at  the  switch-tube  anode. 

Thus,  the  rapid  removal  of  ex¬ 
cessive  inverse  voltage  in  a  line- 
type  modulator  by  a  clipping  device 
results  in:  protection  of  circuit 
components  from  the  abnormal 
voltage  during  load  faulting,  im¬ 
proved  regulation  of  the  amplitude 
of  the  output  pulse  under  faulting 
conditions  and  reduction  of  inverse- 
spike  energy  that  must  be  dissi¬ 
pated  by  the  switch-tube  anode. 

Hydrogen  thyratrons  connected 
across  the  PFN  are  the  most  effec¬ 
tive  type  of  clipper  at  higher  power 
levels. 

A  typical  switch-tube  anode  volt¬ 
age  waveform,  without  clipping,  is 
shown  in  Fig.  1.  The  large  negative 
voltage  spike  appears  immediately 
after  switch-tube  current  tails  to 
zero.  The  product  of  this  inverse 
voltage  and  the  concurrent  inverse 
current  produces  power  that  may 
constitute  a  large  percentage  of  the 
allowable  anode  dissipation  in  the 
switch  tube.  Thus,  any  reduction  of 
spike  power  permits  increased  in¬ 
put  power  to  the  modulator.  Re¬ 
maining  inverse  voltage  is  the 
normal  mismatch  inverse  and  does 
not  directly  contribute  to  anode 
dissipation. 

A  thyratron  clipper  offers  several 
major  advantages  over  a  vacuum 
clipper.  Most  important  is  the  in¬ 
herent  low  dynamic  tube  impedance 


REMOVAL  OF  INVERSE  Voltage  across 
the  switching  tube  after  a  load 
pulse  is  required  in  most  line-type 
radar  modulators.  High-power  mod¬ 
ulators  have  used  either  vacuum 
diodes  or  conventional  hydrogen 
thyratrons  for  this.  Because  of  limi¬ 
tations  in  both  these  devices  an  in¬ 
vestigation  into  the  general  prob¬ 
lems  of  inverse  voltage  removal  was 
undertaken.'  The  objective  was  to 
determine  the  optimum  method  and 
most  effective  device  for  suppres¬ 
sion  of  inverse  voltage.  A  major 


Hydrogen  clipper  thyratron  7U55  op¬ 
erates  at  SS-Mw  switch-tube  level 
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FIG,  1 — Switch  tube  anode  voltage  and  current  have  tn- 
vrrse  peaks  when  clipping  is  not  used 


FIG.  2 — In  end-of-line  clipping  circuit,  common  filament 
transformer  can  charge  diode  and  clipper  tube 


of  a  thyratron,  which  not  only  is 
essential  for  effective  clipping,  but 
reduces  power  loss  as  well,  permit¬ 
ting  the  use  of  smaller  and  less 
costly  clippers.  Further,  a  thyra¬ 
tron  clipper  reduces  the  network 
voltage  to  zero  immediately  follow¬ 
ing  the  main  current  pulse,  regard¬ 
less  of  the  value  of  load  impedance. 
This  accounts  for  the  excellent  reg¬ 
ulative  and  protective  properties  of 
a  gas  clipping  device.  Vacuum-tube 
clippers  with  their  series  resistors, 
or  inductors,  require  a  time  equiva¬ 
lent  to  a  large  number  of  pulse 
widths.  Thus,  to  remove  the  inverse 
voltage  the  time  constant  for  the 
discharge  of  the  network  capaci¬ 
tance  may  be  an  appreciable  frac¬ 
tion  of  the  charging  period,  result¬ 
ing  in  poor  voltage  regulation.  It 
is  impossible  to  remove  completely 
the  inverse  spike  voltage  from  a 
switch  tube  using  a  conventional 
vacuum  clipper. 

High  cost  and  relatively  low  volt¬ 
age  ratings  of  contemporary  solid- 
state  devices,  together  with  the 
inability  to  recover  from  high  tran¬ 
sient  voltages,  have  limited  their 
application  to  low-power  clipping. 

There  are  a  number  of  places 
where  clipper  tubes  have  been  used 
in  line-type  modulators.  These  in¬ 
clude  directly  across  the  switch 
tube  across  the  front  end  of  the 
pulse-forming  network  and  across 
the  far  end  of  the  pulse-forming 
network. 

Probably  the  most  commonly  used 
clipping  location  has  been  directly 


across  the  switch  tube.  However, 
circuit  analysis  proves  that  it  is 
impossible,  even  when  using  a  thy¬ 
ratron  clipper,  to  effectively  remove 
the  spike  inverse  voltage  by  using 
this  circuit.  Further,  if  the  pulse 
transformer  impedance  is  high  dur¬ 
ing  the  interpulse  interval,  as  is 
usually  the  case,  it  is  even  difficult 
to  rapidly  remove  mismatch  inverse 
voltage. 

The  clipper  tube  is  preferably  in¬ 
serted  across  the  far  end  of  the 
pulse-forming  network  in  .series 
with  a  resi.stive  load  whose  value 
approximates  that  of  the  network 
impedance.  Here  the  inverse  spike 
can  be  almost  completely  eliminated 
and  simple  triggering  can  be  used. 
A  typical,  end-of-line  clipping  cir¬ 
cuit,  using  a  clipper  thyratron  is 
shown  in  Fig.  2. 

The  switch  tube  anode  voltage 
waveform  with  a  clipper  thyratron 
at  the  far  end  of  the  line  is  shown 
in  Fig.  3. 

This  shows  complete  removal  of 
both  mismatch  voltage  and  spike 
voltage. 

The  tube  may  be  triggered  in  a 
number  of  ways  (Fig.  4).  A  coil 
can  be  inserted  either  around  the 
connecting  lead  from  load  to  net¬ 
work,  or  around  a  capacitor  leg 
(preferably  the  last  capacitor), 
thus  creating  a  pulse  transformer 
with  a  one-turn  primary.  Trigger¬ 
ing  can  be  done  directly  from  the 
line  or  by  placing  a  divider  across 
the  last  section  of  inductance.  Ex¬ 
ternal  triggering  is  possible  using  a 


high-voltage,  insulated  transformer. 

The  one-turn  primary  trigger 
transformer  is  preferable  because: 
(1)  A  unipotential  pulse  is  easily 
obtained.  (2)  If  installed  at  posi¬ 
tion  2  of  Fig.  4  the  coil  insulation 
must  withstand  only  the  trigger 
pulse  voltage.  (3)  No  energy  is 
lost  in  a  dividing  resistance.  (4) 
The  lead  time  and  pulse  shape  are 
easily  optimized. 

With  all  triggering  methods,  it 
is  necessary  to  insert  resistance  in 
the  clipper  thyratron  grid  lead  to 
limit  the  grid  pulse  current.  It  may 
be  necessary  also  to  add  an  inte¬ 
grating  network  across  the  grid 
pulse  transformer  to  produce  the 
desired  pulse  shape. 

The  energy  dissipated  in  the  clip¬ 
per  load  resistor  is:  Rr  T, 

where  /?,  is  the  clipper  load  and  T 
is  the  interpulse  interval.  Of 
course,  this  energy  must  be  deliv¬ 
ered  by  the  power  supply.  How¬ 
ever,  the  energy  dissipated  by  the 
load  does  not  necessarily  dictate  a 
larger  power  supply.  The  ratio  of 
power  input  for  no  clipping  versus 
clipping  is 

F^hili  F.hhtl*  “  (1  +  yR)  (I  —  K)  (2) 

Here  I  is  the  power  supply  aver¬ 
age  current,  and  the  R  that  appears 
in  the  definition  of  K  (Eq.  1)  is  the 
load  resistance  plus  any  additional 
series  resistance. 

Assuming  typical  values  such  as 
0  =  20  and  K  =  0.184,  the  ratio 
equals  0.983.  It  is  not  unusual  to 
have  ratios  equal  to  or  greater  than 
1.  Thus,  in  many  applications,  the 
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power  dissipated  in  the  clipper  load 
resistor  may  be  more  than  compen¬ 
sated  by  increased  circuit  charging 
efficiency. 

A  clipper  tube,  to  be  completely 
effective,  must:  (1)  hold  off  an  in¬ 
verse  voltage  equal  to  the  peak  net¬ 
work  voltage;  (2)  have  a  dynamic 
tube  impedance  equal  to  or  less 
than  the  characteristic  impedance 
of  the  network;  (.3)  have  a  firing 
time  small  compared  to  the  rise 
time  of  forward  voltage  across  the 
tube  and  ( 4 )  have  a  cathode  ca¬ 
pable  of  delivering  many  times  its 
normal  current  during  periods  of 
load  fault. 

These  four  design  criteria  elimi¬ 


nate  certain  tube  classes  from  con¬ 
sideration  in  high  power  modula¬ 
tors.  Requirement  2  demands  a 
tube  capable  of  operation  at  more 
than  25  Kv  with  a  dynamic  im¬ 
pedance  of  5  to  25  ohms — an  im¬ 
practicability  w’ith  vacuum  diodes. 
Requirement  3  dictates  a  gas  tube 
with  unusually  fast  ionization  time 
if  the  short-duration  inverse-spike 
voltage  is  to  be  clipped.  This  pre¬ 
cludes  the  use  of  a  gas  diode  as 
the  ionization  time  of  a  gas  diode 
is  too  long  for  effective  spike  clip¬ 
ping.  A  thyratron  permits  the  use 
of  a  prefired  grid  that  ensures 
rapid  anode  ionization. 

A  further  advantage  of  a  thyra¬ 


tron  clipper  is  that  it  is  consider¬ 
ably  simpler  to  achieve  a  given 
inverse  voltage  rating  in  a  thyra¬ 
tron  than  in  a  gas  diode.  In  gas- 
diode  design,  low  firing  voltage  and 
high  hold-off  voltages  are  mutually 
antagonistic.  Thus,  a  thyratron 
clipper  exhibits  a  superior  safety 
factor. 

Establishing  electrical  ratings 
for  a  clipper  tube  is  difficult,  due 
primarily  to  one  of  its  major  uses 
— fault  protection.  A  determination 
of  typical  fault  rates,  together  with 
their  duration  and  magnitude,  is 
almost  impossible  as  each  applica¬ 
tion  is  different. 

To  establish  suitable  ratings  for 
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RATIO  OF  CLIPPER  PEAK  CURRENT  (i,) 
TO  SWITCH  TUBE  PEAK  CURRENT  (i,,) 
AS  A  FUNCTION  OF  R. /Zq 


TH^ETICAL 


FIG.  S — F ar -end-0 f -line  clipping  removes  all  inverse 
voltage  and  current 


FIG.  i — One-tum  primary  transformer  is  preferred 
method  of  triggering  clipper 


FIG.  6 — Ratio  of  rise  time  to  pulse  width 
has  a  pronounced  effect  on  current  ratio 


FIG.  5 — Solid  line  represents  empirically  determined 
values  for  various  modulators.  Dotted  line  is  calculated  for 
an  ideal  circ7iit 


RATIO  OF  CLIPPER  RMS  CURRENT  (IJ  I 

,  TO  NOMINAL'  LOAD  RMS  CURRENT  (Ip)  I 
AS  A  FUNCTION  OF  Rl/Zq  AND  I 

.  RISE  TIME  1 

'  PULSE  WIDTH  1 

- - - -  0-5  1 

- - -  '  O'’  1 

- -  =  0.3  I 

NXN.  - -  =  0.2  1 

f  =  0.1 

- 

Nv  ^ - -  ^  0.05 

1 _ ^J_ 

1  1  X'=o  1 

LOAD 

EXAMPLE  ILLfSTRATIXa  CSE  OF  THE  CHARTS 
AuMunte  the  fol/oinriff  iiioduUitnr  fiariimvUrn  are  kitniin: 


Peak  fnru'aril  network  vnllaqe  (f„) .  2-’>  kv 

Peak  Imul  eiirrenf  (u) .  1 ,000  amp 

Pulxe  refM  tition  rate  (//rr) .  SfiO  pps 

Rine  lime  of  tnnit  riirrenl  (/,) .  O  f  itttec 

Puhe  iritith  (t) .  S.H  itnec 

PFX  chnracteriMir  im/ieflanee  (Z„) .  tA  ohms 

fjoaei  imfwftanee  (Rf,) .  tO  ohms 


Determine:  (1)  {teak  elip/ier  current  (ii);  (2)  fieak  fault  elip/ur  current  (it  /mutt);  (A)  rms 
clipjwr  current  (I A;  anil  (4)  rms  fault  rlip/Mr  current  (/,/,, ii). 

(1)  Peak  Clip  fur  Current 

Since  u  =  1 ,000  am p  ami  Ri,/Z,  *=  10  lA  =»  0.(!fl7,  from  Fig.  5 

i, /ih  =  O.S 

Therefore  it  =  (O.A)  (1,000)  =»  .100  amp 

(2)  Peak  Clippir  Fault  ('urrent 

I’nilir  fault  cimilitiims  Rl  =  0  amt  />eak  load  current  ii,  increases  to 

ii,  «  e„  Z.  “  2-7,000  17  =  1  .UOfi  amp  From  Fig.  5  leith  Ri,  =  0 
i,liH  =  0.72 

Therefore  it  f„,u  =  (0.72)  X  l.OOO  =  1,200  amp 
(S)  RMS  Clipper  Current 
The  load  rms  currerd  is 


where  T  =  I  '  /nr 

If  the  load  currerd  pulses  approaches  a  square  wave  this  hecomes 

Pp  =  T  T  therefore 

Ip  =  1(7.000)*  (2.7  X  70-*)  (.7ff0)l>'* 

=  30  amp 

liefore  using  Fig.  ft,  it  is  necessary  to  ktunr  the  ratio  of  the  rise  time  to  the  pulse  wulth. 
This  is 

/  =  /,  T  =  0.1  2.7  -  0.04 
From  Fig.  0,  for  Ri,  Z,  =  0.fifi7  and  f  =  O.O4 
ItHp  =  0.10.  Then  h  -  (0.1»)  (.10)  =  7.7  amp 
(4)  Clippr  RMS  Current  during  Faulting 

During  faulting,  the  rms  currents  irill  increase.  The  nuignitude  of  rms  current  trill 
deiund  on  thi  numlsr  of  faults  in  a  ijiven  iien'isl.  .1  fault  on  every  riple  wnuUl  inerease 
the  elippr  rms  currerd  to  one  half  the  sirilrh-tuhe  fault  rms  current.  The  nurnlur  of 
faidt  pulses  must  he  determined  to  insure  that  the  clipjier  tube  rms  current  does  not 
exceed  its  rateii  value. 

For  continuous  faulting 

Iplp.u  =  \(l.fmY(2.7  X  lOr*)  l.{fm]'» 

=  70  amp 

And  frinn  Fig.  ft  with  Rl  =  0  and  f  =  0.0.{ 

Ir  t.mu  =  (0.7)  (70)  =  27  amp 

If  a  l-jurcent  faulting  rate  is  assumed,  the  nere  clipjter  rms  current  is 
Pcf..„  =  (0.07)  (2.i)*  +  0.00  (7.7)* 

-  .7.V.,{  amp* 

Then  I,  /..n  =  0.2  amp 

Hence  a  I~i>rrrrrd  spirking  rate  increases  the  rlipjtrr  tulu’  rms  currerd  hy  almost  10 
IHreint.  If  the  faulting  occurs  on  every  ripU',  it  is  neressarri  to  remove  anisle  voltage 
as  the  rms  etirrent  rating  icill  b»‘  exceeded  unless  a  elipfur  tube  much  larger  than 
necessary  is  tised. 

For  this  exam  fill',  Itasic  clip}ter~tuhe  requirements  become 
Cpy  =  27  Kv  i,  /,.»(  =  t,2f)0amp 

it  =  .too  amp  i,  “  7.7  amp 

ic  fmuU  =  0.2  amp  assuming  a  l-prcerd  faulting  rate 


clipper  thyratrons,  it  wa.s  necessary 
arbitrarily  to  establish  faulting 
rates  that  were  known  to  be  far 
higher  than  would  be  acceptable  in 
any  radar  system.  Once  a  value  for 
faulting  rate  had  been  selected,  the 
electrical  ratings  could  be  deter¬ 
mined.  The  rating  parameters  for 
a  thyratron  clipper  are  common 
with  that  of  any  hydrogen  thyra¬ 
tron.  There  are.  however,  new 
rating  requirements  that  must  be 
included: 

PEAK  FAULT  CURRENT  —  Under 
certain  conditions  of  fault,  the  mag¬ 
nitude  of  peak  current  may  be  as 
high  as  four  times  the  rated  con¬ 
tinuous  peak  current,  for  as  long 
a  period  as  the  fault  exists. 

RMS  FAULT  CURRENT — As  with 
peak  current,  rms  fault  current  can 
reach  approximately  four  times  the 
value  of  continuous  rms  current. 

AVERAGING  TIME  —  To  prevent 
damage  to  the  clipper  tube,  becau.se 
of  too  long  or  too  frequent  ap¬ 
plication  of  fault  current,  a  fault- 
current  averaging  time  must  be  in¬ 
cluded  in  the  rating. 

TRIC.GER  REQUIREMENTS  —  The 
trigger  voltage  pul.se  requirements 
although  similar  to  the  pul.se  re¬ 
quirement  of  an  ordinary  hydrogen 
thyratron  differs  in  that  the  trig¬ 
ger  voltage  must  be  advanced  in 
phase  with  respect  to  anode  volt¬ 
age  but  the  lead  time  must  be 
held  within  maximum  and  mini¬ 
mum  limits  and  the  trigger  voltage 
amplitude  must  be  sufficient  to  in¬ 
sure  rapid  ionization. 

To  help  determine  peak  and  rms 
current,  graphs  have  been  prepared 
showing  the  ratio  of  clipper-tube 
current  to  switch-tube  current  as 
a  function  of  R,.  Z.  (Fig.  5  and  6). 
From  these  graphs,  it  is  possible 
to  determine  the  conditions  imposed 
oil  the  clipper  thyratron  for  any 
line-type  modulator,  and  thus 
choose  the  proper  size  clipper 
thyratron.  The  design  example 
shows  how  these  graphs  are  used. 

A  gas  clipper  tube  may  also  be 
used  across  the  pul.se  transformer 
to  prevent  undesirable  back-.swing 
voltage.  Here  it  is  called  a  damper 
or  tail  biter.  If  the  characteristics 
of  the  pulse  transformer  are  such 
that  large  po.st-pulse- voltage  swings 
occur,  dampers  are  essential,  as  the 
switch-tube  voltage  will  swing  posi¬ 
tive  immediately  after  the  main 
pulse  and  false  firing  may  occur. 
This  is  exaggerated  when  a  clip¬ 


ping  device  removes  all  inverse  volt¬ 
age. 

It  should  not  be  construed  that 
solid-state,  vacuum  or  gas  diodes, 
and  conventional  thyratrons  will 
not  clip  inverse  voltage.  These  de¬ 
vices  do  work  and  are  used.  How¬ 
ever,  there  are  disadvantages  such 
as  high  cost,  low  safety  factor,  low 
efficiency  and  poor  clipper  effective¬ 


ness  inherent  in  all  these  devices, 
and  investigation  has  shown  that 
a  thyratron  clipper  designed  for 
matched  impedance  clipping  service 
is  the  best  solution. 
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FIG.  1 — Equivalent  circuit  of  transistor 
stages,  using  admittance  parameters 


107  MC 


FIG.  2 — Normal  measuring  arrangement 
(A)  is  shown  modified  in  (B) 


Techniques  for  adapting  and  using  instrumentation  to  measure 
the  admittance  parameters  of  high-frequency  transistors 


MEASUREMENT  of  TRANSISTOR 


parameter  measurements.  A  short  open.  Since  the  transistor  input 
is  easily  obtained  at  r-f  frequencies  impedance  is  low,  the  effective  open 
by  a  capacitor.  In  addition,  oscil-  is  easily  obtained  by  adding:  an  r-f 
lations  are  less  likely  to  occur  when  choke.  If  the  transistor  is  neutral- 
the  transistor  is  shorted.  The  only  ized  the  feedback  admittance  meas- 
required  open-circuit  measurement  urement  is  not  necessary,  since 
is  used  to  obtain  the  feedback  ad-  feedback  admittance  does  not  affect 
mittance,  and  in  this  measurement  the  power  gain, 
the  low-impedance  input  circuit  is  The  use  of  admittance  param- 


By  KEVIN  REDMOND, 

Section  Head,  Semiconductor  Applications, 

Amperex  Corp,,  Hicksville,  N,  Y. 

IN  MEASURING  transistor  param¬ 
eters,  the  test  input  signal  must  not 
be  so  large  that  it  overdrives  the 
transistor.  With  the  Boonton  RX 
instrument,  which  measures  paral¬ 
lel  resistance  and  parallel  capaci¬ 
tance  of  transistors  to  obtain  their 
admittance  parameters,  the  way  to 
reduce  the  drive  signal  is  to  adjust 
a  potentiometer  in  the  plate  circuit 
of  the  instrument’s  oscillator.’  Do¬ 
ing  this  sometimes  results  in  faulty 
operation  of  the  instrument’s  inter¬ 
nal  oscillator  or  detector. 

This  article  describes  an  im¬ 
proved  method  of  measuring  ad¬ 
mittance  parameters.  Admittance 
parameters  are  easy  to  measure  and 
manipulate  in  designing  circuits. 
Ease  of  measurement  is  inherent 
since  these  parameters  are  short- 
circuit  parameters.  This  means 
that  a  short  is  required  in  making 


GLOSSARY 

Y i.  Common-emitter  input  admittance,  output  short  circuited 

Y.m  Common  emitter  output,  admittance,  input  short  circuited 

Yrt  Common  emitter,  reverse-transfer  admittance 

Yft  Common  emitter,  forward-transfer  admittance  (approximate) 

Yf,  Common  emitter,  forward-transfer  admittance  (exact) 

y*,.  Admittance  base  to  emitter  with  output  shorted 
Yet$  Admittance  collector  to  emitter  with  the  input  shorted 
y.t.ek  Admittance  emitter  to  base  with  a  short  collector  to  base 
y...  Outptit  admittance  with  the  input  open 

Yt  Transformer  admittance 

Yl  Reflected  load  admittance 

Rr  Parallel-resistance  measured  by  bridge 

Cp  Parallel-capacitance  measured  by  bridge 

Gl  Load  conductance 

Y mil,  OUT  Total  equivalent  admittance  of  output 
Git  Input  conductance 


electronics 


Teat  setup  for  measuring  admittance  parameters.  Transistor  jig  is  mounted  on  top  of  left- 
hand  cabinet 


ADMITTANCE  PARAMETERS 


eters  in  circuit  design  is  indicated  to  h,„  and  the  combination  con-  Hammarlund  HG160  communica- 

in  Fig.  1,  an  r-f  transistor  stage,  verted  to  an  admittance  before  it  tions  receiver  tuned  to  the  differ- 

The  glossary  defines  symbols  used  can  be  added  to  the  rest  of  the  ad-  ence  frequency  and  operated  in  its 

in  this  schematic,  as  well  as  other  mittances  in  the  input  circuit,  age  mode. 

symbols  in  other  schematics  and  in  Again,  /»  must  be  computed  before  The  external  oscillator  of  Fig.  2B 

equations.  If  the  stage  is  neutral-  the  output-voltage-generator  pa-  alters  the  detector  frequency  to  any 

ized,  feedback  is  eliminated;  there-  rameter  can  be  used.  frequency.  For  example,  inmeasur- 

fore  a  y,,V,  generator  is  not  shown.  Figure  2  illustrates  the  original  ing  the  140-Mc  parameters  of  a 
When  using  admittance  parameters,  (A)  and  improved  (B)  methods  of  transistor,  the  external  oscillator 

all  the  output  admittance  can  be  measuring  admittance  parameters,  can  be  set  to  150.7  Me,  providing 

added  to  produce  one  equivalent  ad-  In  the  normal  arrangement  the  sig-  an  intermediate  frequency  of  10.7 

mittance.  The  same  procedure  is  nal  oscillator  level  is  attenuated  by  Me  for  the  receiver, 

used  for  input  admittance.  With  a  potentiometer  in  the  plate  circuit  In  selecting  the  intermediate  fre- 

hybrid  parameters  the  current  must  of  the  oscillator  and  then  fed  to  quency  be  sure  that:  it  is  not  a 

be  calculated  through  fi„  before  the  the  bridge.  In  the  new  arrangement  communication  frequency  or  any 
current  through  output  generator  the  r-f  input  is  attenuated  by  a  other  frequency  that  may  cause  the 
)8/»  can  be  calculated.  20-db  attenuator.  Thus  operation  receiver  to  give  readings  generated 

In  unneutralized  circuits,  the  of  the  oscillator  is  unaffected  by  the  by  signals  other  than  the  desired 
feedback-generator  admittances  are  attenuation.  signal;  it  is  not  near  the  fundamen- 

easily  converted  to  an  equivalent  The  internal  100-Kc  detector  used  tal  or  harmonics  of  any  of  the  fre- 
admittance  and  all  admittances  in  in  Fig.  2A  could  cause  some  diffi-  quencies  used  in  the  in.strument. 
the  input  circuit  are  added  to  find  culty,  if  it  were  used  in  Fig.  2B,  to  The  equivalent  circuit  for  ad- 
the  total  equivalent  input  admit-  detect  the  low  signal  that  results  mittance  parameters  is  shown  in 
tance.  With  hybrid  parameters  the  from  use  of  the  attenuator.  Thus,  Fig.  3.  The  glossary  defines  the 
voltage-generator  parameter  must  Fig.  2B  uses  a  more  sensitive  ex-  sybols  used. 

be  converted  to  an  impedance,  added  ternal  detector.  The  detector  is  a  The  following  equations  are  suffi- 
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cient  to  obtain  all  the  aditiittance 
parameters  from  measurements 
with  the  setup  of  Fig.  2B: 


Yi. 

=  Y... 

(1) 

Y.. 

=  Yrr. 

(2) 

Yf. 

=  Y,.,,.  -  Yi.  +  Y.. 

(3) 

Yf. 

=  -  Y,.  +  Y..  +  Yr. 

(4) 

Yr. 

=  -Y,.(Y,„  -  Y„)/Y/. 

(5) 

Equation  3  is  the  approximate,  and 
Eq.  4  the  exact,  value  of  forward 
transfer  admittance. 

Measurements  will  be  carried  out 
on  a  PADT-30  transistor  operating 
at  140  Me.  12  V  and  1  ma  to  deter¬ 
mine  its  admittance  parameters. 
These  steps  are  indicated  in  Fig.  4. 

In  measuring  Y,,,  that  is,  y»,., 
the  output  is  shorted  and  the  in¬ 
strument's  bridge  connected  to  the 
test-circuit  input  (Fig.  4A).  These 
readings  were  obtained: 

Kp  =  40  ohms,  Cp  =  7pf 
Yt,.  =  Yi.  =  (1  >Rp)  + 
r„  =  (1  M0)-|-j(6.28)(140)(10«)(7)(10-») 
Yi.  =  2.5,000  +  jfi.lGO 
“  2.5,900  Z  13.8°  /imho 

In  measuring  F.,,  the  base  is 
shorted  to  the  emitter  and  the 
bridge  connected  between  the  col¬ 
lector  and  emitter  (Fig,  4B).  These 
measurements  were  obtained : 

Rp  =  2,7(K)  ohms,  Cp  =  4pf 
Yo,  =  Y„.  =  3,.535  Z84°,imho 

In  measuring  Y,/,  the  collector 
is  shorted  to  the  base  and  the 
bridge  connected  between  either  the 
emitter  and  base  or  the  collector  and 
emitter  (Fig.  4C).  The  following 
measurements  were  obtained: 

Rp  =  59  ohms,  Cp  =  —28  pf 
=  16,940  -  ;24,600 

Yf.'  =  Y,k..6  -  (Yi.  +  Yo.) 

Y,.'  =  16,940  -  j24,600  - 

25,000  -  j6,160  -  370  -  i3,510 

Y/.'  =  -8,430  -  i34,270 
=  36,800  Z  2.56.2°  /imho 

In  measuring  Y,,,  the  emitter-to- 
base  circuit  is  open  and  the  bridge 
connected  between  the  collector  and 
emitter  (Fig.  4D).  These  measure¬ 
ments  w’ere  obtained: 

Rp  =  425  ohms,  Cp  =  2.3  pf 
Y.„  =  2,3.50  +  i2,022 
Y..„  -  Y„  =  1,980  -j  1,488 

=  2,490  Z  -36.70°  /imho 
Y„  =-Yu(Y„,.  -  Y..)/1V. 

Y„  =  1,7.50  Z  260.9° 

=  278  —  jl,730  /imho 

The  Y f/  term  was  calculated  as¬ 
suming  Yf,  much  greater  than  Y,.. 
This  assumption  is  borne  out  by  the 
calculated  value  of  Y„.  If  more  ac¬ 
curacy  is  desired,  Y,,  can  be  used 
to  obtain  a  more  nearly  correct 
value  of  Y„.  However  it  is  pointless 


to  take  the  corrected  value  of  Y,. 
and  using  it  to  determine  a  more 
correct  value  of  Y„  since  there  will 
be  little  change  from  the  one  found 
in  the  fourth  step  (Fig.  4D)  that 
uses  the  first  approximate  value  of 
Yf,.  Using  Eq.  4  to  obtain  a  more 
accurate  second  approximation  for 

Yf„ 

Y  *  K  ^  '  K 

Y/,'  -  -8*430  -  j34.270  -  278  -1-  il,730 
Y„  =  -8,708  -  i32..540 

“  33,800  Z  255.0°  /imho 

In  designing  the  measuring  jigs 
showm  in  Fig.  4,  use  was  made  of 
the  fact  that  the  instrument  could 
pass  current  through  the  test  ter¬ 
minals.  This  is  advantageous  in 
supplying  bias  voltage  to  the  tran¬ 
sistor.  All  bias-supply  leads  are 
choked  to  insure  that  they  do  not 
affect  r-f  measurements.  The  value 
of  the  choke  depends  on  the  fre¬ 
quency  and  the  impedance  at  the 
point  they  are  connected.  They 
should  be  at  least  ten  times  the  cir¬ 
cuit  impedance.  Similarly  the  ca¬ 
pacitors  are  a-c  short  circuits  and 
should  be  one-tenth  the  circuit  im¬ 
pedance. 

To  reduce  capacitive  and  induc¬ 
tive  coupling,  all  chokes  and  other 
components  leading  away  from  the 
transistor  socket  w’ere  fanned  out 
as  can  be  seen  in  Fig.  5.  The  ca¬ 
pacitors  used  as  a-c  short  eifeuits 
are  soldered  directly  across  the 
transistor  pin  sockets  to  avoid  pro¬ 
ducing  parasitic  tanks  with  long 
lead  lengths.  Similarly,  the  bridge 
terminal  connectors  come  directly 
from  the  pins  of  the  transistor 
socket  at  the  end  of  the  jig.  To 
further  reduce  the  length  of  the 
bridge-terminal  connections,  the  jig 
was  constructed  on  blocks,  the 
height  of  which  places  the  pins  of 
the  transistor  socket  directly  in 
line  with  the  connection  point  of  the 
instrument’s  bridge  terminals. 

The  transistor  socket  and  circuit 


CONVERSION  OF  PARAMETERS 
Common  Base  to  Common  Emitter 
Yi.  =  Yi.  +  Yr.  +  Yn  +  Y.» 

Yr.  =  (Yr.  +  Y,.) 

Yf.  =  -  (Yf.  +  Y..) 

Y..  =  Y,. 

Common  Emitter  to  Common  Base 
Yi.  =  Yi,  +  Yr.  +  Yf.  +  Y.. 

Yr.  =  -  (Yr.  -1-  Y..) 

Yf.  =  -  (Yf.  -I-  Y..) 

Y..  =  Y.. 


introduce  measurement  errors. 
Measuring  equipment  using  coaxial 
fixtures  could  reduce  these  errors; 
however,  readings  obtained  with  the 
method  described  are  often  more 
useful  to  circuit  designers  than 
those  describing  only  the  device  be¬ 
cause  these  are  the  parameters  he 
will  encounter  in  a  circuit.  Few 
coaxial  circuits  are  used  at  140  Me. 
The  circuitry  used  here  will  usually 
be  encountered  at  this  frequency. 
For  frequencies  below  30  Me,  the 
effect  of  a  well-designed  jig  upon 
the  measurements  can  become  neg¬ 
ligible.  A  good  check  on  the  qual¬ 
ity  jig  is  to  measure  the  jig  with¬ 
out  any  transistor  in  the  socket.  If 
a  large  value  of  capacitance  or  low 
value  of  R,  is  obtained,  reworking 
of  the  jig  is  required. 

Often  the  input  capacitance  of  a 
transi.stor  may  exceed  the  range  of 
the  instrument.  The  range  can  be 
extended  by  placing  a  coil  across 
the  bridge  terminals,  thus  causing 
the  instrument  to  read  in  the  induc¬ 
tive  range.  When  the  transistor  is 
connected  back  into  the  circuit,  a 
reading  may  be  obtained  within  the 
range  of  the  instrument.  The  ca¬ 
pacitance  of  the  transistor  is  then 
the  difference  between  the  reading 
in  the  inductive  range  caused  by 
the  inductor  and  the  new  capaci¬ 
tive  reading  obtained  with  the  tran¬ 
sistor-inductor  combination.  For 
example,  if  the  inductor  caused  a 
reading  of  —20  pf  and  the  transis¬ 
tor  and  the  inductor  in  combination 
gave  a  reading  of  -|-25  pf,  the  ca¬ 
pacitance  for  the  transistor  would 
be  45  pf.  The  R,  reading  of  the  in¬ 
ductor  must  be  deducted  from  the 
combined  inductor  and  transistor 
reading  thusly 

ffx  =  RiR.KRi  -  R.)  (6) 

where  R,  is  the  desired  transistor 
Rp,  R,  is  the  R,  of  the  inductor 
alone,  and  R,  is  the  R,  of  the  in¬ 
ductor-transistor  combination. 

The  range  can  be  further  ex¬ 
tended  by  using  a  larger  inductance. 
The  value  of  the  inductance  can  be 
found  by  placing  known  capacitors 
across  the  inductance  until  a  read¬ 
ing  can  be  obtained  with  the  instru¬ 
ment.  The  amount  of  known  capaci¬ 
tance  removed  to  obtain  a  reading 
within  the  instrument’s  range  when 
the  transistor  is  added  will  give 
the  correction.  If  air-dielectric  or 
other  high-Q  capacitors  are  used, 
their  resistance  component  may  be 
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FIG,  k — Jig  arrangements  for  measuring  K»,,  (A),  Y.,,  (B),  (C)  FIG,  5 — Hookup  of  test  jig  for 

and  K.„  (D)  testing  of  Ycb 


extremely  high  compared  to  the  in¬ 
ductor  or  transistor  /?,;  hence  no 
correction  need  be  made  to  the  R, 
reading  obtained  without  the  ca¬ 
pacitors. 

After  the  admittance  parameters 
have  been  determined  power  gain 
may  be  calculated. 

The  maximum  neutralized  power 
gain  occurs  when  the  input  and  out¬ 
put  admittances  are  conjugate 
matched.  The  gain  is 

G  -  Y,.*/AYi.Yo. 

If  the  stage  is  neutralized  the 
power  is  given  by  P„,  =  Gt 
and  P„.  =  G„  The 

power  input  is  P,»  =  V,*  Gie,  The 


gain  is  given  by 

G  -  (r/./KH.-.)*  X  Gl/Gu 
If  the  stage  is  unneutralized  the 
input  admittance  is  affected  by  the 
feedback  generator,  whose  current 

IS  I —  Y 

Admittance  of  the  feedback  gener¬ 
ator  is  y,»  =  Ift/Vtn,  Hence 

I  /fc  “  I  ftYrt/  V  9ul 

Input  impedance  is  then  the  sum 
of  y,»  and  y,..  If  the  input  is  tuned, 
the  reactive  component  of  the  total 
input  impedance  is  tuned-out  at 
resonance  and  the  power  input  is 

Pin  *=  (y<.)*(Gi.  +  G„) 
where  =  the  real  part  of  y,». 


If  the  input  is  not  tuned  the  re¬ 
active  portion  of  the  input  admit¬ 
tance  draws  current  that  dissipates 
power  in  the  source  resistance.  The 
power  gain  in  the  unneutralized 
case  is 

G  -  (y,.)'.,..d=l«t/(G..  4-  G,,)]  (7) 

Equation  7  shows  that  if  the 
output  is  not  tuned,  y,, increases, 
resulting  in  a  loss  in  gain.  This  is 
caused  by  the  untuned  reactive  por¬ 
tion  of  y,, shunting  the  output 
load,  thus  lowering  the  output  volt¬ 
age  and  hence  the  power  gain. 

REFERENCE 

( 1 )  Boonton  Radio  Corp.  Notebook, 
N019,  Fall,  1958. 
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Designing  Magnetostriction  Filters 


Bandpasi!^  filterfi  tmnff  wapnetos^trictive  resonance  units  are  small,  rugged 
and  inexpensive,  have  sharp  response  and  a  high  order  of  reliability  in  use 


FIG.  1 — Exploded  view  displapn  enmpnvcvts  of  magnctostrictive  bandpass 
filter,  using  a  single  nickel-iron  rod  clement 


MAGNKTOSTRICTION  is  the  chanjfe  in 
dimensions  of  a  ferromajrnetic 
material  when  placed  in  a  majrnetic 
field.  The  name  also  applies  to  the 
inverse  effect:  the  chanpe  in  mag¬ 
netization  when  dimensions  are 
changed  by  an  external  force. 

Magnetostriction  bandpass  filters 
can  be  made  as  rods,  bars,  slugs, 
di.sks  or  rings.  They  can  be  oper¬ 
ated  in  the  torsional,  transver.se  or 
longitudinal  mode  of  vibration.  A 
single  rod  is  u.sed  in  this  magneto¬ 
striction  filter,  and  is  driven  in  the 
longitudinal  mode.  Two  support 
washers  are  crimped  on  the  rod  at 
the  vibrational  nodes  (Fig.  1),  and 
two  solenoids — the  drive  and  pickup 
coils — are  placed  around  the  rod; 
this  subassembly  is  set  in  a  ca.se 
and  held  by  a  compre.ssion  spring. 
I  The  as.sembly  is  mounted  in  clips  on 

I  an  aluminum  panel,  and  two  bias 

I  magnets  are  placed  approximately 

!  under  the  nodal  points  of  the  rod. 

Ij  When  alternating  current  is  ap- 

I  plied  to  the  drive  coil,  it  generates 

a  magnetic  field,  causing  strain 
waves  to  propagate  along  the  rod 
I  (at  the  speed  of  sound  in  the 

I  material)  and  reflect  from  the  ends, 

i  When  the  driving  frequency  causes 


the  applied  waves  to  reinforce  with 
the  reflected  wav’es,  the  filter  reso¬ 
nates.  Since  the  lengthening  of  the 
rod  is  independent  of  the  direction 
of  the  magnetic  field,  the  re.sonant 
frequency  is  twice  the  applied  field 
frequency.  To  compen.sate  for  this, 
it  is  necessary  to  apply  a  polarizing 
field  to  the  rod  either  by  d-c  field  or 
by  permanent  magnets.  In  this 
case  two  barium-ferrite  bias  mag¬ 
nets  are  used.  This  also  improves 
filter  stability. 

The  re.sonating  rod  is  the  critical 
part  of  the  filter.  It  requires  a 
material  with  high  Q  (from  5,000 
to  10,000)  and  frequency  stability 
over  a  wide  temperature  range.  A 
complex  nickel-iron  alloy  has  been 
found  most  suitable. 

The  (?  of  a  bandpa.ss  filter  is  Q 
=  /a/A/,  where  /.  =  resonant 
frequency  and  A.f  =  half-power 
(5-db)  bandwidth. 

Temperature  coefficient  of  fre¬ 
quency  is  defined  by  T  =  1//.  x 
dfjdt  whereT'  is  in  cps/cps/deg  C. 

Re.sonant  frequency  of  a  rod 
filter  is  roughly  f.  =  nV /2L,  where 
n  is  the  harmonic  of  operation,  L 
the  length  of  the  rod  and  V'  the 
velocity  of  sound  in  the  material. 


By  EDWARD  J.  NEVILLE,  JR.. 


Department  Manacer. 

Rayspan  Department, 

InduKtrial  Components  Division, 
Raytheon  Company, 

Watertown.  Mass. 


Abount  14  different  lengths  are  cut 
to  cover  a  10-Kc  band  between  170 
and  180  Kc.  For  this  frequency 
range,  the  average  length  is  about 
1.2  inches;  the  groups  are  cut  at 
intervals  of  about  0.006  inch.  For 
any  given  length  in  this  range,  the 
resonant  frequency  varies  about  700 
to  800  cps,  due  mo.stly  to  nonuni¬ 
form  mass  distribution  in  the  rod. 
Changing  the  mass  distribution 
along  the  rod,  by  removing  metal 
near  the  nodes,  increases  the  effec¬ 
tive  wavelength  and  lowers  reso¬ 
nant  frequency,  while  removing 
metal  near  the  antinodes  (maxi¬ 
mum  displacement  points)  has  the 
opposite  effect.  This  is  used  to 
adjust  the  freqency  of  a  rod  filter. 
A  window  in  the  case  gives  access 
to  the  rod  in  the  middle  and  near 
one  node.  One  light  stroke  with  a 
file  will  change  frequency  about  0.5 
cps  in  100  Kc,  or  one  part  in 
200,000.  A  100-Kc  rod  can  thus  be 
adjusted  at  least  100  cps  up  or  down 
with  no  apparent  effect  on  band¬ 
width  or  insertion  los.s. 

Rod  filters  have  been  built  for 
frequencies  from  20  to  450  Kc,  but 
for  practical  purposes  the  range  is 
limited  to  between  45  and  300  Kc. 
Below  45  Kc  the  rod  becomes  too 
long,  and  above  300  Kc  it  is  so 
short  that  there  is  excessive  feed¬ 
through  between  the  drive  and 
pickup  coils. 

Frequency-amplitude  respon.se 
for  a  single-element  rod  filter  falls 
off  6  db  per  bandwith  octave,  that 
is,  the  bandwidth  doubles  for  every 
6  db  of  attenuation.  If  a  single- 
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FIG.  2 — An  assembled  single-rod  filter  (A)  has  an  adjusting  window  in  rod  ease.  A  bank  of 
five  rod  element  filters  (B)  is  provided  with  protective  covers  over  adjusting  windows 


element  rod  filter  has  a  3-db  band-  ical :  400  filters  can  easily  be  assem- 
width  of  25  cps,  at  9  db  its  band-  bled  in  half  a  cubic  foot,  they  cost 
width  will  be  ideally  50  cps,  at  15  about  $25  per  filter  element  and  can 
db  100  cps,  and  so  on.  withstand  20  g  rms  vibration  in  all 

For  sharper  response,  a  dual  three  planes.  The  fact  that  fre- 
filter  is  used.  The  dual  filter  is  two  quency  and  insertion  loss  can  be 
complete  rod  filter  elements  summed  adjusted  after  assembly  permits 
out-of-phase  at  the  output,  with  re-  compensation  for  errors  in  other 
sponse  that  falls  off  about  12  db  per  parts  of  the  analyzer, 
bandwidth  octave.  The  Rayspan  spectrum  analyzer 

The  rods  operate  best  at  input  uses  420  32-cycle  rod  filters,  spaced 
levels  from  10  millivolts  to  one  volt  25  cycles  apart  and  simultaneously 
rms,  with  power  input  up  to  0.05  excited  by  the  input  signal.  The 
watt.  Their  normal  temperature  filter  outputs  are  swept  in  sequence 
range  is  —60  to  -»-80  C,  but  a  rod  by  a  commutator,  so  that  the  entire 
filter  has  been  operated  in  liquid  filter  bank  is  sampled  200  times  a 
nitrogen  (  —  194  C).  The  high-  second.  After  switching,  the  filter 
temperature  limit  is  determined  by  outputs  are  amplified  and  detected 
the  Curie  temperature  of  the  rod  into  a  d-c  pul.se.  This  is  usually 
material,  usually  about  150  C.  displayed  on  an  oscillo.scope.  A 

No  appreciable  distortion  is  in-  synchronizing  pulse  enables  the 
troduced  over  the  linear  range  of  scope  to  retrace  for  every  sweep, 
the  filters.  The  maximum  linear  The  instrument  can  analyze  any 
output  is  1.0  volt  rms,  and  transi.s-  10.5- Kc  band  between  50  cps  and 

torized  amplifiers  for  use  with  the  50  Kc,  with  frequency  resolution  of 
filters  have  a  20-db  gain.  75  cps  over  the  entire  band.  Reso- 

One  use  of  magnetostriction  fil-  lution  can  be  improved  by  using 
ters  is  in  test  equipment,  such  as  narrower  filters  but  this  also  nar- 
spectrum  analyzers.  In  a  spectrum  rows  the  band  covered.  The  instru- 
analyzer,  a  complex  waveform  is  ment  is  used  in  vibration  analysis, 
broken  up  into  frequency  compo-  industrial  noise  reduction,  Fourier 
nents  by  bandpass  filters.  A  fixed-  analysis  and  speech  analysis, 
frequency  oscillator  translates  in-  Combined  with  a  vacuum  tube  or 
put  signals  to  the  frequency  band  a  transistor,  a  magnetostriction 
covered  by  the  filters.  With  differ-  filter  makes  a  stable  fixed-frequency 
ent  fixed-frequency  oscillators,  the  oscillator.  Typical  oscillator  cir- 
instrument  can  cover  any  frequency  cuits  are  shown  in  Fig.  3.  Their 
band  as  wide  as  that  covered  by  the  high  Q,  frequency  stability  with 
filters.  temperature,  small  size  and  rug- 

Magnetostriction  rod  filters  are  gedness  make  the  rod  filters  suit- 
ideal  for  this  application  because  able  for  use  in  command  receivers 
they  are  small,  rugged  and  econom-  for  telemetry  applications. 
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FIG.  S — Magnetostrietive  filter  can 
be  used  in  a  stable  fixed- frequency 
oscillator,  in  a  vacuum-tube  circuit 

(A)  or  in  transistorized  version 

(B) .  Another  use  is  in  spectrum 
equalizers,  for  rapid,  accurate  com¬ 
pensation  of  the  output  of  a  vibra¬ 
tion  system 
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Transistor  Linear  Sweep  Generator 


By  FRED  LEE. 

Sylvnnia  Kleotronic  Systems, 
Mountain  View,  California 


GFNERATION  of  linear  sweep  volt¬ 
ages  generally  requires  relatively 
complicated  circuits  such  as  Miller 
integrators  and  bootstrap  devices. 
This  circuit  provides  sweeps  of 
excellent  linearity  and  retiuires 
only  one  transistor  and  no  critical 
circuit  values  or  adjustments.  This 
sweep  generator  is  used  in  a  pulse 
interval  monitor'  that  measures  the 
time  between  two  pulses.  The 
sweep  voltage  is  started  by  the  first 
pulse  and  stopped  by  the  second, 
at  which  point  the  voltage  level  is 
proportional  to  the  pulse  interval. 

The  constant-current  character- 
i.stics  of  a  transi.stor  can  be  used  to 
produce  a  linear  sweep  voltage.  Cir¬ 
cuits  (A)  and  (B)  generate  sweeps 
of  up  to  10  sec  duration.  Outputs 
(C),  (D)  and  (E)  are  obtained 
with  three  types  of  input  signals 
using  the  pnp  circuit  (A).  Wave¬ 
forms  as.sociated  with  the  npn  cir¬ 
cuit  (B)  w’ould  be  identical,  but  of 
opposite  polarity. 

The  input  consists  of  two  voltage 
levels.  For  the  pttp  circuit,  lower 
level  —Et  determines  the  starting 


point  of  the  .sweep.  It  is  limited  by 
the  collector  voltage  rating  of  the 
transistor.  The  upper  level  .should 
be  zero  volts  or  higher. 

As  long  as  —E,  is  present  at  the 
input,  the  collector  current  is  sup¬ 
plied  through  the  forward-biased 
silicon  diode.  Magnitude  of  this  cur¬ 
rent  is  determined  by  the  forward 
bias  voltage  —E,  and  by  R,  and  /?,. 
It  is  relatively  independent  of  the 
value  of  —E,.  Capacitor  C  is  fully 
charged  so  that  the  potential  across 
it,  which  is  the  output,  is  —E.. 

Input  level  2  —E.  might  be  ap¬ 
plied  in  the  form  of  pulses  (E).  The 
pulses  mu.st  be  long  enough,  or  the 
source  impedance  low  enough,  to 
fully  charge  C  before  the  pul.se 
ends. 

When  the  input  level  becomes 
zero  or  positive,  the  diode  is  reverse 
biased  .so  that  it  becomes  practi¬ 
cally  an  open  circuit.  The  collector 
voltage  for  transistor  Q  is  then  that 
due  to  the  charge  on  C.  The  col¬ 
lector  current  must  also  come  from 
C.  As  C  discharges,  the  potential 
across  it  is  reduced  at  a  rate  pro¬ 
portional  to  the  di.scharge  current. 
Since  this  current  is  relatively  in¬ 
dependent  of  the  collector  voltage, 
it  remains  nearly  constant.  The 


output  voltage  continues  to  become 
less  negative  at  a  linear  rate  until 
it  approaches  bias  voltage  —E,.  At 
that  time,  conduction  through  Q 
tapers  off  and  stops.  The  remain¬ 
ing  charge  on  C  then  stays  constant 
until  the  input  level  is  again  low. 

Output  waveforms  of  the  pnp 
circuit  are  shown  in  (F),  (G)  and 
(H).  The  input  consi.sts  of  nega¬ 
tive  pulses  at  about  —19  v,  spaced 
sufficiently  far  apart  to  allow  the 
transistor  to  reach  cut-off.  The 
bias  voltage  —E,  is  adjustable  by 
a  potentiometer.  Resistor  R,  is 
47,000  ohms,  and  /?.,  is  variable 
from  zero  to  1  megohm.  No 
measurements  were  taken  to  de¬ 
termine  the  exact  values  of  The 
values  of  C  are  indicated  in  the 
caption.  The  duration  of  the  linear 
portion  of  the  .sweep  (F)  is  about 
70  msec.  In  (G),  the  .sweep  is 
about  1.7  .sec.  The  noticeable  non¬ 
linearity  in  this  sweep  results  from 
too  high  a  value  of  R,  being  u.sed 
to  obtain  the  long  sweep  duration. 
The  sweep  can  be  lengthened,  and 
good  linearity  maintained,  by  in¬ 
creasing  C  instead  of  R. 
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SUB-MINIATURE  SOCKETS 

for  NUVISTORS  I  f 


for  Mechanical  Mounting  • 


the  133-65-10-001  tube  socket  is’ fastened  to  the 
chassis  by  these  two  tabs  rolled  against  the  under¬ 
neath  side  of  the  chassis. 


•  Impossible  to  Insert  T ube  Incorrectly  or  Damage 
the  Contacts  .  .  .  The  socket  provides  two  slots  of 
different  widths.  These  mate  with  the  two  corres¬ 
ponding  legs  depending  from  the  metal  envelope 
of  the  tube  to  index  the  tube  and  socket  contacts. 


•  Sub-Miniature  Size  Requires  Minimum  Space. 


•  Socket  Body  is  Low  Loss,  Type  MFE,  Phenolic 
Insulation.  i 


Saddle  is  of  cold  rolled  steel,  cadmium  plated.’ 
Contacts  are  of  copper  alloy  with  cadmium  plating. 


or  Solder  Mounting 


the  tube  133-65-10-002  socket  is  furnished  with 
solder  washer  which  solders  directly  to  the  chassis 
at  430°F.  Resists  minimum  pressure  of  20  lbs. 

§ 


Dimensions  of  Chassis  Aperture 
Here  is  shown  the  size  of  the  Chassis  hole 
for  the  sockets,  either  solder  or  mechani¬ 
cally  fastened. 

The  thicknessof  the  chassis  may  vary  be¬ 
tween  .032  and  .082  inches.  The  tube 
socket  will  resist  a  minimum  pressure  of 
20  lbs.  before  dislodging. 


Available  Now!  Complete  engineering  data  and  de¬ 
tailed  epeclflcationt  on  both  of  theee  Nuvietor  sockets  are 
yours  for  the  asking.  Phone  NE.  2-2000  today  or  wrIte/wIre 


Cinch  Manufactubing  Company 
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RESEARCH  AND  DEVELOPMENT 


Infrasonic  Waves  Provide  Atmospheric  Data 


May  1960.  Such  signals  on  arrival 
have  periods  between  12  and  50  sec, 
speeds  about  equal  to  sound  in  air 
and  sound  pressures  less  than  1 
dyne/cm*  at  these  distances. 

Particle  streams  from  the  sun  in¬ 
teracting  with  the  earth’s  mag¬ 
netic  field  cause  disturbances  that 
strongly  suggest  that  the  Interac¬ 
tions  involve  the  upper  atmosphere. 
These  waves  usually  have  periods 
greater  than  20  sec,  velocity  greater 
than  and  sometimes  three  times 
that  of  sound,  and  usually  arrive 
from  the  north  with  pressures  of 
about  1  to  3  dynes/cm*.  Their  high 
trace  velocity  indicates  arrival  from 
above  the  earth  at  a  large  angle  to 
the  surface. 

These  waves  are  closely  associ¬ 
ated  with  large  magnetic  storms. 
Direction  of  arrival  varies  with 
time  of  day  changing  from  north¬ 
east  to  northwest  between  noon¬ 
times  and  coming  approximately 
from  the  north  at  midnight. 


frequencies.  For  example,  earth¬ 
quake  waves  are  best  studied  by 
passing  sounds  having  periods  be¬ 
tween  0.4  and  20  sec. 

The  system  consists  of  four 
microphones  at  ground  level  at 
about  the  same  plane.  Effects  of 
pressure  fluctuations  on  each  micro¬ 
phone  from  local  turbulent  wind 
conditions  are  minimized  by  noise- 
reducing  pipe  lines  about  300  me¬ 
ters  long.*  For  sound  waves  of 
periods  greater  than  about  10  sec, 
this  pickup  is  essentially  nondirec- 
tional  and  does  not  appreciably  at¬ 
tenuate  sound  pressure.  However, 
noise  from  random  pressure  fluctu¬ 
ations  in  the  period  range  from  1  to 
30  seconds,  such  as  that  caused  by 
wind  turbulence,  is  reduced  consid¬ 
erably. 

The  microphones  produce  f-m 
voltages  proportional  to  incident 
.sound  pressures,  which  are  trans¬ 
mitted  over  telephone  wires  to  be 
demodulated,  amplified  and  re¬ 
corded.  Sound  waves  of  sufficient 
intensity  produce  similar  traces  on 
each  of  four  paper  records.  Direc¬ 
tion  of  approach  and  trace  velocity 
are  obtained  by  comparing  the  dif¬ 
ferent  arrival  times  at  each  micro¬ 
phone.  Although  wind  pressures  are 
also  recorded,  they  are  only  local  ef¬ 
fects  on  each  microphone. 

Sound  radiated  into  the  atmos-  gyroscope,  having  its  centrally 

phere  by  an  earthquake  wave  as  it  located  gyro-rotor — the  only  mov- 

proceeds  over  the  surface  of  the  ing  part — electrically  suspended,  is 

earth  has  been  observed.  Vertical  being  developed  for  Navy 

motions  of  the  earth’s  surface  give  Polaris  program  by  I.,,  .ueapolis- 

rise  to  sound  radiations  like  a  loud¬ 
speaker  diaphragm.  Since  the  wave 
velocity  is  much  greater  than  that 
of  sound  in  air,  radiations  are  prop¬ 
agated  alm.-st  perpendicularly  up¬ 
ward. 

With  low  background  noise  a 
sound  was  observed  that  originated 
near  severe  tornadic  storms  up  to 
1,200  miles  away.  Weather  reports 
for  that  day  show  19  tornadoes  and 
funnel  clouds  in  Oklahoma  and 
Texas  and  one  tornado  in  north¬ 
western  Kansas  that  could  have  pro¬ 
duced  the  sound  waves  that  lasted 
for  4J  hours.  Similar  waves  were 
received  during  eight  such  times  in 


TORNADOES  could  be  tracked,  origin 
of  earthquakes  determined  and  in¬ 
teractions  of  the  sun  on  the  earth’s 
magnetic  field  investigated.  Also, 
very  low-speed  pressure  waves,  pos¬ 
sibly  gravitational  waves  resulting 
from  shifts  among  atmospheric  lay¬ 
ers  of  varying  temperatures  or 
wind  speeds,  might  be  studied. 
These  potentialities  stem  from  a 
system  of  detectors  used  to  study 
infrasonic  waves — sound  at  fre¬ 
quencies  below  the  human  auditory 
threshold  of  about  15  cps.  The 
waves  result  from  a  variety  of  dis¬ 
turbances  in  the  earth’s  atmos¬ 
phere. 

The  detection  system  installed 
near  Washington  is  being  used  by 
the  National  Bureau  of  Standards. 
Recordings  of  the  waves  are  being 
made  to  determine  the  quantitative 
relation  between  source  of  disturb¬ 
ance  and  incident  sound  pressure, 
direction  of  approach  of  incident 
wave  and  wave  velocity  across  the 
earth’s  surface  (trace  velocity).  A 
second  installation  is  planned  near 
Boulder,  Colo. 

Natural  sounds  of  sub.stantial  in¬ 
tensity  at  infrasonic  frequencies 
are  always  present  in  the  atmos¬ 
phere.  In  a  homogenous  atmos¬ 
phere  free  of  winds  and  tempera¬ 
ture  variations,  sound  velocity 
varies  as  the  product  of  the  square 
root  of  absolute  temperature  and  a 
constant  related  to  transmission  me¬ 
dium,  and  is  equal  to  frequency 
times  wavelength. 

The  rate  of  absorption  and  dissi¬ 
pation  of  sound  power  in  heat  is 
very  dependent  on  frequency. 
Sound  power  absorbed  per  unit  dis¬ 
tance  of  propagation  is  roughly  pro¬ 
portional  to  the  square  of  frequency 
so  that  only  very  low-frequency 
sound  can  be  propagated  long  dis¬ 
tances. 

Ten  years  of  development  at  the 
Bureau  has  resulted  in  a  micro¬ 
phone  and  recording  system  for 
studying  vlf  sounds  in  the  atmos¬ 
phere  that  is  highly  reliable  and 
flexible.  Band-pass  filters  in  the 
amplifiers  can  increase  signal-to- 
noise  ratio  to  study  desired  sound 


REFERENCE 

(1)  F.  B.  Daniels,  Nolse-Reiiuclnfr  Dine 
Microphones  for  Frequencies  Below  1  Cps, 
J  Acoua  Soc  Am,  SI,  1959. 


Design  details  of  gyroscope  show¬ 
ing  suspended  central  rotor 
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chooses  Tung-Sol  transistors 
for  automatic  air  traffic  control  vocal  system 


The  Cook  Electric  Automatic  Voice  Relay  is  an 
integral  part  of  a  highly  advanced  system  known 
as  Volscan  which  is  designed  to  relieve  the 
hazards  of  air  traffic  congestion  over  modern 
airports.  The  AVR  automatically  generates  flight 
path  instructions  vocally  to  pilots  waiting  to 
land,  on  the  basis  of  data  submitted  to  it  by 
radar.  A  plane  can  be  brought  in  every  30 
seconds  by  the  system. 

Naturally,  the  highly  critical  nature  of  the 
system's  function  demanded  that  components 
selected  to  operate  in  the  system  meet  the  highest 
reliability  standards.  For  this  critical  amplifica¬ 
tion  and  detection  circuits  in  the  AVR,  Cook 
specified  Tung-Sol  transistors.  More  than  2000 
Tung-Sol  2N461  germanium  transistors  were  as¬ 
signed  to  these  significant  tasks.  Cook  stipulated 
the  reasons  for  selecting  Tung-Sol:  “We  found 


that  Tung-Sol  transistors  more  than  satisfied  the 
high  reliability  requirements  for  this  operation. 
Moreover,  Tung-Sol  was  able  to  meet  a  rapid 
delivery  schedule.” 

Why  don’t  you  get  the  benefit  of  Tung-Sol 
component  knowledge  and  experience  too?  Tung- 
Sol  components  —  whether  transistors,  tubes  or 
silicon  rectifiers  —  fill  virtually  every  commercial 
and  military  application  with  unexcelled  de¬ 
pendability.  Tung-Sol  applications  engineers  will 
be  glad  to  recommend  the  best  components  for 
your  design.  Tung-Sol  Electric  Inc.,  Newark  4, 
New  Jersey.  TWX.NK  193. 


Technical  assistance  is  available  through  the  following 
sales  offices:  Atlanta.  Ga.;  Columbus,  Ohio;  Culver  City. 
Calif.;  Dallas,  Texas;  Denver,  Colo.;  Detroit,  Mich.; 
Irvington.  N.  J.;  Melrose  Park,  Ill.;  Newark,  N.  J.; 
Philadelphia,  Pa.;  Seattle, Wash.  Canada:  Toronto,  Ont. 
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Hone>’well.  Suspended  in  a  vacuum, 
the  rotor  is  almost  free  of  friction. 
Optical  pickoffs  give  information 
on  the  rotor’s  position.  The  gyro¬ 
scope  together  with  a  specially  de¬ 
signed  inertial  system  using  other 
inertial  sensors  and  digital  com¬ 
puter  equipment  is  intended  for 
application  in  atomic  submarine 
navigation. 


X-Ray  Film  Developed 
For  Electron  Microscope 

X-RAY  MICROSCOPE  FILM  suitable  for 
enlargement  in  an  electron  micro¬ 
scope  has  been  developed  by  a  Fin¬ 
nish  physicist  fellow  at  Stanford 
University’s  Biophysics  Laboratory. 

By  recording  x-ray  images  on  the 
film  and  enlarging  them  in  the  elec¬ 
tron  microscope.  Dr.  Saara  Asun- 
maa  gets  x-ray  microscope  pictures 
about  four  times  sharper  than  by 
normal  development.  Details  are  re¬ 
solved  down  to  less  than  600  ang¬ 
stroms  (below  two-millionths  of  an 
inch),  or  clear  enough  to  stand  a 
magnification  of  about  40,000  di¬ 
ameters. 

Her  method  combines  physics  and 
radiochemistry,  taking  advantage 
of  the  x-ray  microscope’s  variable 
penetrating  power  and  of  the  elec¬ 
tron  microscope’s  high  resolving 
power.  Previously  researches  had 
developed  five  different  kinds  of 
x-ray  microscopes  but  the  best  reso¬ 
lution  obtainable  was  around  2,000 
ang.stroms — about  the  .same  as  the 
best  light  scope.  Several  investi¬ 
gators  had  tried  the  marriage  of 
x-ray  and  electron  microscope  tech¬ 
niques.  The  necessary  lacking  in¬ 
gredient  was  the  practically  grain- 
le.ss  x-ray  film  Dr.  Asunmaa 
supplied.  She  cast  an  ultra-thin 
film  of  nitrocellulose  (guncotton) 
onto  a  glass  surface — being  less 
than  1,000  angstroms  thick  (about 
1  250,000th  of  an  inch),  the  film  is 
too  fragile  to  support  itself.  Mixed 
with  the  guncotton  was  a  silver 
compound  making  the  film  more 
sensitive  to  x-rays. 

After  being  placed  in  an  x-ray 
contact  microscope  with  the  speci¬ 
men  examined  and  being  x-ray  ex¬ 
posed,  the  film  is  treated  with  a 
solution  of  alcohol  and  sodium  cya¬ 
nide  to  dissolve  radiochemical  com¬ 
pounds  formed  on  its  surface.  The 
resulting  speciman  image  can  be 
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TENSOR  ELECTRIC  DEVELOPMENT  CO.,  INC. 

1873  EASTERN  PARKWAY,  BROOKLYN,  N.  Y. 
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where  stability 
and  miniaturization 
are  primary 


SEMICONDUCTORS 
COPPER  OXIDE 
AND  SELENIUM 

INSTRUMENT  RECTIFIERS 
RING  MODULATORS 
HIGH-VOLTAGE  RECTIFIERS 
VOLTAGE  REGULATORS 
SWITCHED  RECTIFIERS 
CHOPPERS 

SPECIAL  PURPOSE  UNITS 
LIST  PRICES  FROM  .42c 

5  COPPER  OXIDE  CELL  STYLES  FROM 
.080"  to  .500"  DIA.  ACTIVE  AREAS  .0012  to 
.125  SQ.  IN. 

SELENIUM  CELL  SIZES  FROM  .080"  round 
TO  2"  SQUARE.  .020"  TO  .045"  THICK. 


CONANT  LABORATORIES 
LINCOLN,  NEBRASKA 
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SENSITIVE  2  AMP  RELAY 

for 

’•‘IS  g  to 2000  cps  vibration 

OPBRATINO  CONDITIONS: 

AVBRAOS  FUI.I.-IN  POWBR: 

SPOT  25  milliwatts  at  25'’C 
DPDT  40  milliwatts  at  25'’C 

CONTACT  RATINOS: 

Non-inductive  —  2  amperes  at  29  volts  d-c 
or  1  ampere  at  1 1 5  volts  a-c 
Low  level  contacts  are  available  on  request 
VIBRATION : 

5-55  cps  at  0.12  inch  double  amplitude 
55-2000  cps  at  a  constant  1 5  g 
*  20  g  available  on  request 
SHOCK: 

50  g  operational 

TBRMINALS: 

0.2  inch  grid  spaced 
WBIOHT: 

1.1  ounce  maximum 
Write  for  Bulletin  JSH  *62 

@  ALLIED  CONTROL  ^ 

ALLIBD  CONTROI.  COMFANV,  INC. 
a  BAST  BNO  AVBNUB,  NBW  YORK  ai,  N.  V. 
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SHORT  CIRCUITS  WITHOUT 
A  SINGLE  FAILURE 

Wide  Renge  Transistorized  High  Current 
Power  Supplies  Set  Hew  High  In  Reliability 


Con  Avionics  proves  extreme  reli¬ 
ability  of  its  zero  to  50V  rack 
mounted  power  supplies  with  a 
graphic  demonstration  at  the  1960 
l.R.E.  Show. 

Throughout  the  Show  a  new 
model  Z50-15  Power  Supply  was 
short-circuited  every  30  seconds, 
yielding  a  total  of  7,000  short  cir¬ 
cuits  without  a  single  failure.  Sev¬ 
eral  thousands  more  shorts  were 
applied  during  laboratory  tests. 

The  company’s  new  line  of 
power  supplies  was  designed  under 
a  “worst  case  analysis”  program. 
The  supplies  are  designed  using 
standard  non-selected  compo¬ 
nents  ;  performance  is  then  mathe¬ 
matically  and  experimentally 
checked  with  the  worst  possible 
combination  of  component  charac¬ 
teristics.  This  design  technique  is 
largely  responsible  for  the  new 
high  set  in  reliability  and  insures 
long  life  and  easy  held  maintenance. 


"Wor$t  Cate  Atialyiis”  Program  Helps 
Set  Sew  High  In  Keliabilitg 


Wide  Voltage  Range,  High  Current  Capac¬ 
ity,  Among  Electrical  Features  •  The 
units  are  available  in  two  series 
with  0.1%  and  0.01%  regulation. 
They  have  an  unusually  wide 
range  of  output  voltage:  0  to  50 
V.D.C.,  and  an  output  current  of 
2.  5,  10  and  15  amperes. 


“Flip  Top  Box”  Permits  AecessibUitg 
For  Maintenance 


Mechanical  Features  Highlight  Flexibility  • 
The  new  units  are  constructed  with 
remote  sensing  to  maintain  regu¬ 
lation  at  the  load  and  remote  pro¬ 
gramming  to  permit  output  ad¬ 
justment  at  remote  control  point. 
A  floating  output  is  also  provided, 
through  which  either  positive  or 
negative  terminals  may  be 
grounded.  All  the  power  supply 
units  have  a  voltmeter  and  an  am¬ 
meter.  The  front  panel  has  a  power 
switch,  circuit  breaker,  coarse  and 
fine  voltage  adjustment  knobs,  in¬ 
put  fuse,  pilot  light  and  output 
terminals.  Rear  panels  have  an  in¬ 
put  line  cord,  output,  remote  sens¬ 
ing,  and  programming  terminals. 


SpMifiettitns 
Input  Pnwif 
Oitput  Vsitagn 
Output  Currtnt 


YSurits 


ZStriss 


105  to  125  VAC.  single  phase.  48  to  62  cps. 
0  to  50  VDC 

2. 5, 10  and  15  amperes 


Rcfulatiin 

a)  for  line  variations 

±0.1% 

±  0.01% 

b)  for  load  variation 

0.1%  or  5mv 

0.01%  or  1  mv 

no  loao  to  full  load 

(whichever  is  greater) 

(whichever  is  gr 

Stability  for  8  hours  after  30 

±  0.25% 

±  0.05% 

minute  warm  up 

Hippla  (rms) 

2mv 

1  mv 

Response  tine 

50  microseconds 

Ambient  temperature  ranie 

O’C  to  -*-50*C 

Temperature  coefficient  (%  per  *0 

0.02 

0.01 

Output  Impedance  at  10  KC  (ohms) 

0.003 

0.0003 

efIhtCondtcentup 


COJW 
AVIONICS 


Consolidated  Avionics  Corporation 
800  Shames  Drive,  Westbury,  New  York 
EDgewood  4-8400 


examined  in  a  more  varied  pattern 
of  film  densities  than  can  be  seen 
with  the  electron  microscope. 

Other  film  media  including  glass 
is  being  investigated  by  Dr.  Asun- 
maa  in  order  to  obtain  further  con¬ 
trast  and  better  definition. 


Radar  May  Free  Oil 

to;ep-penetration  radar  beams 
may  soon  help  unlock  oil  reserves 
trapped  in  rock  thousands  of  feet 
beneath  the  earth’s  surface. 

Engineers  of  Raytheon’s  Com¬ 
mercial  Apparatus  and  Systems  Di¬ 
vision  are  packaging  5,000  to  10,000 
watts  of  microwave  power  into  a 
I  capsule  just  six  inches  in  diameter, 
small  enough  to  permit  the  experi¬ 
mental  device  to  be  lowered  into 
a  low-producing  well  in  northwest¬ 
ern  Montana.  The  microwaves  emit¬ 
ted  are  intended  to  provide  the 
quick-acting,  penetrating  heat  that 
i  petroleum  engineers  say  is  needed 
to  raise  by  20  degrees  the  tempera- 
;  ture  of  the  molasses-like  oil  located 
!  within  two  feet  of  the  well-bore. 

I  When  this  is  done,  the  engineers 
I  say,  the  oil  will  rise  to  the  surface, 
i  The  effort  is  a  combined  operation 
between  Raytheon  and  the  Petro- 
Electronics  Corp.  of  Denver,  Colo¬ 
rado.  Engineers  of  the  latter  com¬ 
pany  are  contributing  their  geolog¬ 
ical  and  oil-production  experience 
to  the  venture. 

Significance  of  the  operation  lies 
in  the  possible  recovery  of  a  large 
share  of  U.  S.  oil  reserves  of  182 
billion  barrels  which  are  beyond 
the  reach  of  conventional  petroleum 
indu.stry  techniques. 


Cosmic  Ray  Collisions 

HIGH  ENERGY  cosmic  ray  collisions 
are  being  studied  at  the  University 
of  Arizona  by  Dr.  Albert  B. 
Weaver,  physics  department  head. 
Results  of  his  investigations  may 
help  determine  what  happens  when 
cosmic  ray  protons  collide  with 
hydrogen  nuclei. 

Using  the  physics  department’s 
cloud  chamber  laboratory  for  the 
experiments.  Weaver  is  attempting 
to  establish  how  many  particles  are 
created  by  such  high  energy  nuclear 
reactions  and  the  angular  distri¬ 
bution  of  the  resulting  particles. 
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NEW 


Go  Ahead, 
TRIM  SQUARE 


Trimmer* 
shown  actual  abt* 


■  SfZ£ 

■  PERFORMANCE 

■  RELIABILITY 

■  ECONOMY 


BRELIABILITY 

At  no  extra  cost,  Spectrol  trimmer  potentiometers  meet 
or  exceed  all  applicable  military  specifications  for  alti¬ 
tude,  fungus  resistance,  salt  spray,  sand  and  dust,  humid¬ 
ity,  temperature  cycling,  shock  and  vibration.  Guaranteed 
load  life,  1000  hours  minimum. 


■ECONOMY 

Prices  in  1-9  quantities:  Model  50— $7.50  each.  Model 
60— $6.50  each.  Spectrol  trimmers  are  ready  now  for 
immediate  deliver\'  from  your  local  distributor.  For  com¬ 
plete  technical  information,  call  your  Spectrol  represent¬ 
ative  or  write  Dept.  42. 


THE  MODEL  60 
1/2”  square,  3/16”  hi|h,  and 
wwighing  2  grams,  the  Model  60 
is  available  in  standard  resist¬ 
ances  of  50  ohms  to  50K  ohms. 


THE  MODEL  50 
3/8”  square,  3/16”  high,  and 
weighing  1  gram,  the  Model  50 
Is  available  in  standard  resist¬ 
ances  of  50  ohms  to  20K  ohms. 


■  performance 

Stack  ’em ...  up  to  35  Model  50  trimmers  in  one  cubic 
inch,  i^djust  ’em,  25  turns  for  full  electrical  travel... 
take  your  choice  of  side  or  top  adjustment,  slotted  fillister 
head  screw,  Allen  hex  socket,  or  slotted  headless  screw 
flush  mounted.  Dissipates  1  watt— Model  50  and  2  watts 
—  Model  60.  Dual  wiper  provides  double  assurance  of 
positive  contact  under  all  conditions.  High  resolution, 
typically  0.061%  for  the  50K  ohms  model.  Resistance 
tolerance,  ±5%,  temperature  range,  —55  to  -f  150*C. 


1704  South  Del  Mar  Ave.  •  San  Gabriel,  California 
ATIantic  7-9761  •  CUmbcrIartd  3-5141 

1250  Shames  Drive  •  Westbury,  Long  Island,  N.  Y. 
EDgawood  3-5850 
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COMPONENTS  AND  MATERIALS 
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Progress  Report  on  Silicones 


By  .1.  SCOTT  TIURLEY,  JR.,  Specialist — Fleet rical  Insulation 

Silicone  Preiducts  |)«*pa rt ment.  General  Klectric  Company.  Waterford,  New  York 


RECENT  DEVELOPMENTS  in  silicone 
technology  have  brouffht  about  new 
and  improved  silicone  materials 
that  now  meet  more  critical  require¬ 
ments  faced  by  the  electronics  en- 
prinoer.  Electrical  properties  of  sili¬ 
cones  are  {renerally  comparable  to 
those  of  the  best  _  insulators  and 
these  properties  are  retained  over 
wide  temperature  ranges.  Well 
known  for  their  moisture  resist¬ 
ance,  silicones  are  often  used  for 
this  rea.son  alone.  Resistance  to 
ozone  and  corona  is  excellent  and  is 
e.xtremely  important  in  hiprh  alti¬ 
tude  operation. 

In  recent  years,  improved  com- 
poundinpr  techniques  have  brou>?ht 
forth  improved  silicone  rubbers 
with  physical  properties  comparable 
to  most  organic  rubbers,  and  thin 
wall  silicone  rubber  wire  construc¬ 
tions  are  available  from  most  manu¬ 
facturers. 

The  accompanyinjr  tables  and 
charts  indicate  the  progress  that 
has  been  made  to  meet  many  needs. 
With  these  improved  properties 
comes  use  for  a  wide  range  of  elec¬ 
tronics  products,  made  by  molding, 
extruding,  calendering  or  by  any  of 
the  standard  techniques  employed 


in  making  such  constructions. 

The  recent  introduction  of  low 
temperature  curing  silicone  insulat¬ 
ing  varnishes  has  greatly  simplified 
application.  The  new  varnishes  can 
be  cured  at  l.'SO  C  in  two  to  six 
hours.  Thermal  endurance  of  these 
new  varnishes  is  actually  better 
than  that  of  conventional  high-tem¬ 
perature  curing  silicone  varnishes. 
Roth  air  drying  and  heat  curing  are 
used  in  other  silicone  varnishes  to 
overcoat  printed-circuit  boards  and 
other  components  to  improve  mois¬ 
ture  resistance  and  also  provide 
solder  marks  as  required.  A  prop¬ 
erly  selected  silicone  insulating  var¬ 
nish  is  u.sed  for  conformal  coatings. 
Such  a  varnish  can  be  cured  to  a 
bubble-free  film  at  temperatures 
that  will  not  damage  the  electronic 
components. 

An  example  of  this  is  a  circuit 
board  which  was  tested  240  hours 
with  12.5-v  per  mil  continuous  volt¬ 
age  applied  at  60  C  with  continuous 
monitoring.  Excellent  protection 
offers  the  additional  advantage  of 
being  non-nutrient  to  fungus.  Care 
should  be  taken,  however,  in  the 
choice  of  the  amount  of  catlyst 
used. 


Silicone  varnishes  help  miniature 
systems  survive  the  resulting  in- 
crea.se  in  temperature.  Size  reduc¬ 
tion  of  transformers  up  to  .'iO  per¬ 
cent  are  common,  and  reductions 
up  to  one  third  of  the  original  size 
has  been  achieved. 

Improvements  in  silicone  fluid 
technology  are  outlined  in  the 
table  above,  right. 

While  certain  other  fluids  may  be 
more  desirable  than  silicones  from 
the  .standpoint  of  heat  transfer  be- 
cau.se  of  higher  density,  silicone 
fluids  are  particularly  suitable  for 
dielectric  coolants  by  virtue  of  their 
resistance  to  temperature  extremes, 
flat  viscosity  and  temperature  cure, 
and  general  inertness. 

Silicone  resins,  excellent  in  radi¬ 
ation  resistance,  are  considered  un¬ 
affected  by  do.ses  as  high  as  10'  to 
10"  rep.  Exposures  to  10"'  rep  in¬ 
dicate  no  serious  loss  of  electrical 
properties.  While  silicon  rubbers 
are  not  quite  as  effective  in  this  re- 
.spect,  silicone  rubber  is  finding  in¬ 
creasing  u.se  where  extreme  heat 
is  also  present,  as  heat  is  often  the 
deteriorating  factor  in  materials  ex¬ 
posed  to  radiation. 

Silicones,  both  rubbers  and 
resins,  are  combined  with  inorganic 
materials  such  as  glass  cloth,  mica 
or  asbestos  to  form  fabricated  in- 
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An. Invitation  to  Come  Alive 

Not  to  suggest  that  you're  ilead  if  you  aren't  on  llie  TI  leami 


are  suggesting,  though,  that 
you  consider  some  of  the  factors  that 
make  Semiconductor-Components 
division  of  TI  an  unusually  lively  at¬ 
mosphere  for  achieving  a  keen  sense 
of  personal,  professional  accomplish¬ 
ment.  Consider,  for  example  . . . 

TI  PRODUCTS 

.  .  .  they  pace  the  industry 

TI  manufactured  the  first  commer- 
cially-available  silicon  transistors  . . . 
developed  the  first  semiconductor 
network  . . .  originated  high  voltage 
silicon  rectifiers  . . ,  produced  the  first 
VHP  transistors  ...  made  the  first 
high-gain  low-cost  radio  frequency 
transistor  (making  possible  the  first 
“pocket”  radio)  . . .  developed  the 
first  400  milliampere  200-600  volt 
diffused  silicon  glass  diodes. 


TI  LOCATION-IT 
ENCOURAGES 
RELAXED  LIVING 

Dallas  provides  many  advantages 
for  wholesome  family  living.  It’s  an 
outdoor,  informal  way  of  life  . . . 
combined  with  the  convenience  and 
stimulation  of  one  of  America’s  most 
modem  cities. 


-Cfflj-i 


i 


TI  MANAGEMENT  --  It  Stresses  Research, 
Creates  Markets - 


“Texas  Instruments  leads  the  in¬ 
dustry  in  sales,  and  in  technology 
it’s  considered  second  only  to  Bell. 
In  1959,  it  scored  net  sales  of  $193- 
million,  about  half  attributable  to 
its  broad  line  of  semiconductors 
which  includes  silicon  and  ger¬ 
manium  transistors  of  all  typtes, 
silicon  diodes  and  rectifiers,  and 
silicon  controlled  rectifiers  . . . 
Most  of  this  growing  has  been 


Texas 


SEMICONDUCTOR  •  COMPONENTS  DIVISION 


TI  PEOPLE-- 

they  pioneer,  Invent,  succeed 

“It’s  a  fact  that  an  individual’s  op¬ 
portunities  at  TI  S-C  are  limited 
only  by  his  own  ability.  That  —  and 
the  highly  interesting  work  and 
good  people  —  makes  this  company 
unique  in  my  opinion.”  —  Harry 
Goff  (BS/EE,  Texas  ’51),  Manager 
of  Silicon  Power  Transistor  Depart¬ 
ment  (upper  right), 

“I’ve  enjoyed  my  10  years  with  TI 
because  of  the  constant  challenge, 
growth  opportunities,  association 
with  creative  people  who  don’t  de¬ 
pend  on  handbooks  for  answers.”  — 
Art  Evans  (BS/EE,  SMU  ’49)  Sec¬ 
tion  Head,  Semiconductor  Networks 
Department,  holder  of  patent  for 
Temperature  Control  System  for 
S/C  Crv’stal  Puller  ( upper  left ) . 
“The  most  appealing  thing  about 
working  at  TI  S-C  is  the  freedom 
I  have  on  technical  programs.  To  an 
engineer  this  is  all-important.”  — 
Elmer  Wolff  (BS/EE,  SMU  ’52) 
Project  Manager,  Siheon  Design 
Engineering,  paiticipant  in  devel¬ 
opment  of  the  first  silicon  mesa 
transistor  (lower  photo). 


sucesR) 

IN  THE  > 

K’sos/ 


done  on  self- generated  capital, 
thanks  to  the  Semiconductor-Com¬ 
ponents  division,  undoubtedly  TI’s 
most  profitable  operation.  The 
company  has  won  its  eminence  by 
astute  assessment  of  new  products 
and  canny  timing.  Its  broad  tech¬ 
nological  skills  have  made  it  first 
with  many  semiconductor  devices.” 
—  Business  Week,  March  26, 1960. 


Instruments  ■ 

INCORPORATED  | 


Scientists  and  engineers 
in  semiconductor  and  re¬ 
lated  fields  are  invited  to 
investigate  TI’s  opportuni¬ 
ties  for  professional  ad¬ 
vancement  and  personal 
accomplishment.  The  cou¬ 
pon  below  will  bring  you 
our  booklet  detailing  the 
TI  and  Dallas  stories. 


i  TEXAS  INSTRUMENTS  INCORPORATED 
*  Semiconductor-Componentt  Divisiovi 
I  Box  312,  Dept.  155#  DaUtf.  Texas 


POST  OFFICE  BOX  312 


DALLAS  1,  TEXAS 


I  CITY _ ST/ 

I  My  professional  field  is_ 
j  My  specialty  is _ 
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Mip  44-  44  44 

the  number  to  remember 


44  44 

i 

for  faster 


soldering! 


KESTER  "44" 
RESIN-CORE  SOLDER 


You  get  the  fastest  possible 
soldering  action  witli  Rester 
‘*44’’  Resin-Core  Solder,  created 
for  today’s  high  speed 
requirements.  “44”  Resin 
meets  all  applicable  MIL  and 
Federal  specifications,  latest 
amendments.  Army,  Navy, 

Air  Force.  Flux-residue  mm- 
corrosive  and  non-conductive. 

All  alloys,  cores  and  diameters  . . . 
on  1  Ih..  S  lb.  and  20  lb.  spools. 

FREE.  WRITE  for  78- page 
Technical  Manual  “SOLDER  . . . 

Its  Fundamentals  and  Usage.” 


Kester  Solder 

COMPANY 

4204  Wrightwood  Avenue,  Chicago  39,  Illinois 
Newark  5,  New  Jersey  •  Anaheim,  California  •  Brantford,  Ontario,  Canada 

Over  61  Years’  Experience  in  Solder  and  Flux  Manufacturing 


Improved  properties  of  silicone 
rubber  have  made  possible  a  wide 
range  of  products  including  grom¬ 
mets,  bushings,  seals,  insulating 
barriers  and  numerous  applications 
where  an  elastomeric  insulatina 
structure  is  desired 


sulating  components.  Silicone  glass 
laminates  are  used  as  terminal 
boards,  printed  circuit  boards,  and 
similar  applications.  Silicone-coated 
glass  sleeving  is  widely  used,  made 
with  both  varnishes  and  rubber. 
Also  available  is  extruded  silicone 
rubber  tubing.  All  possess  good 
electrical  properties,  and  selection 
is  usually  made  on  the  basis  of 
physical  strength  and  flexibility 
needed.  The  silicone  rubber  sleev¬ 
ing  withstands  rough  handling  dur¬ 
ing  installation  and  yet  maintains 
good  electrical  properties. 

Silicone  electrical  tapes  are  avail¬ 
able  in  a  w’ide  variety  of  construc¬ 
tions.  A  straight  weave  glass  cloth 
is  widely  used  with  silicones,  and 
more  recently  a  combination  of 
polyester  fiber  warp  and  glass  fill 
provides  a  reinforced  tape  with  a 
controlled  stretch,  tough  as  rein¬ 
forced  glass  with  some  of  the  con- 
formability  of  the  unsupported 
rubber.  These  tapes  are  available 
in  the  fully  cured  form,  or  as  a 
semicured  product,  which  after  ap- 


IMPUOVEMENT  OF  STRE.SS-STRAIN 
PROPERTIFJS  OF  .SILICON  RUBBER 
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When  your  product  design  requires  ceramic  capacitors  in  sizes 
that  squeeze  into  the  tightest  places  it’s  wise  to  specify 
RMC  Type  SM  DISCAPS. 

Type  SM  DISCAPS  show  a  minimum  capacity  change  between 
+10'’C  and  +85®C  and  meet  the  specifications  of  EIA-RS-198  for 
Z5U  capacitors.  Their  miniature  size  and  high  quality  are 
combined  with  low  cost  for  production  savings. 
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■  .v_. 

(INSULATION  APPROX.  140 MILS) 


10  100  1,000  10,000 


TIME  TO  failure, HRS 
Silicone  rubber  endurance 


2,400 
2,200 
d  2,000 

c  1,800 
«  '.600 
I  1,400 
1,200 
1,000 

(  ^ 

DAYS  AGING  AT  250*0 

Silicone  varnish  endurances 


NEW  LOW  TEMPERATURE 
curing  Silicone  varnisi 


CONVENTIONAL 
^LICONE  VARNISHES 


plication  may  be  fused  with  heat 
and  pressure  to  form  a  tough, 
homogeneous  insulating  barrier. 

Perhaps  the  most  significant  de¬ 
velopment  is  a  new  material  and 
process  that  has  made  possible  a 
silicone  rubber  glass-supported  tape 
in  which  penetration  of  the  rub¬ 
ber  into  the  fabric  is  so  complete 
that  the  electrical  properties,  and  in 
particular  voltage  endurance,  are 
essentially  those  of  unsupported 
rubber  tapes.  Slicone  rubbers  find 
applications  in  molded  and  extruded 
insulating  components,  and  in  shock 
mounts,  seals,  gaskets  and  supports. 
Self-bonding  tapes  also  find  appli¬ 
cations  in  splicing  and  for  rapid 
sealing  against  environmental  con¬ 
taminants.  Pressure  sensitive 
tapes  are  made  either  on  a  silicone 
rubber  or  resin-coated  glass  base, 
or  the  adhesive  is  used  alone  on 
glass  cloth  or  tapes. 

Room  -  temperature  vulcanizing 
silicone  rubbers  provide  materials 
in  a  form  easily  applied  for  potting, 
encapsulations,  sealing  and  impreg¬ 
nating.  RTV  silicone  rubber  is  avail¬ 
able  in  viscosities  from  80  poises 
(liquid)  to  15,000  poises  (spread- 
able  paste).  This  material  cures  at 
room  temperature  after  the  addition 
of  a  catlyst,  and  cure  times  can  be 
varied  from  a  few  minutes  to  a  few 
days.  Since  rtv  silicone  rubber 
contains  no  solvents,  it  cures  with 
virtually  no  shrinkage.  This  is  par¬ 
ticularly  important  in  potting  appli¬ 
cations  where  the  formation  of 
voids  during  cure  might  lead  to 
corona  damage  and  eventually  elec¬ 
trical  failure. 


has  bee  "" '"“Site  fieW.  •  tveiv 

'an  used  by  our  customers  to  specify  one  or  another  of  our  electronic  time 

delay  relays.  Fixed  or  variable  delays  from  a  few  milliseconds  to  days,  weeks  or 
months.  Our  solid  state  switches  resist  up  to  150  g  shock,  vibrations  up  to  3000 
cps  at  100  g . . .  accuracies  run  to  0.05%  or  better.  We  could  go  on.  But  if  you 
will  simply  write  for  information  about  the  Series  31300  or  any  other  timing  de¬ 
vices  you  need,  whether  electronic  or  motor  driven,  we  will  be  happy  to  tell  all. 


rlWW  ■  I  COMPANY 

4035  INCE  BLVO.,  CULVER  CITY,  CALIFORNIA 
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AN  ITT  BREAKTHROUGH  IN  RADAR  SWITCH  TUBE  DESIGN 


This  seemingly  delicate  web  of  wire  is  actually  the  most  Mesh  cathode  construction,  in  addition  to  its  mechanical 

rugged  and  structurally  stable  construction  ever  de-  advantages,  offers  improved  emission  per  watt  in  com- 

veloped  for  power  tube  cathodes.  Consisting  of  a  fine  parison  with  conventional  cathodes,  as  well  as  quick 

cylindrical  mesh  instead  of  the  usual  filament  configura-  heating  and  superior  temperature  stabilization.  The 

tion,  the  exclusive  ITT  mesh  cathode  is  now  available  cylindrical  design  results  in  an  emission  pattern  that 

in  a  number  of  high-performance  pulse  triodes  and  uses  more  of  the  available  grid  surface  and  thus  re¬ 
power  diodes.  The  triodes  are  specifically  designed  for  duces  grid  emission  problems.  This  latest  ITT  power 

radar  switching  applications;  the  diodes  are  ideally  tube  “first”  is  probably  the  closest  existing  approxima- 

suited  for  rectifier,  clipper  and  charging  service.  tion  of  a  theoretically  ideal  “physicist’s  cathode.” 


Write  for  information  on  the  complete 
line  of  ITT  pulsed  modulator  triodes 
and  power  diodes.  Application 
assistance  is  available  for  your 
specific  requirements. 

TT^ 

ELECTRON  TUBE  DEPARTMENT  ■  COMPONENTS  DIVISION 

INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION,  CLIFTON,  NEW  JERSEY 

ITT  COMPONENTS  OlVISION  PROOUCTS:  POWER  TRIODES  AND  DIODES  •  lATRON  STORAGE  TUBES  .HYDROGEN  THYRATRONS 
TRAVELING  WAVE  TUBES  •  SELENIUM  RECTIFIERS  •  SILICON  DIODES  AND  RECTIFIERS  •  TANTALUM  CAPACITORS 
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PRODUCTION  TECHNIQUES 


Tape  Cuts  Wire  Test  Time,  Errors 


POINT-BY-POINT  INSPECTION  of  Com¬ 
plex  wiring  assemblies  is  faster, 
more  accurate  and  less  tedious  when 
inspection  instructions  are  given  by 
a  tape  recording  rather  than  the 
conventional  wiring  list. 

Daystrom  Military  Electronics 
Division.  Archbald,  Pa.,  reports 
that  recordings  have  halved  inspec¬ 
tion  time  while  reducing  errors  750 
percent.  When  inspectors  u.sed  a 
wiring  list,  errors  averaged  about 
six  per  panel  with  1,200  test  points; 
errors  using  recordings  averaged 
0.8  per  panel. 

When  the  inspector  listens  to  re¬ 
corded  instructions,  he  does  not 


have  to  take  his  eyes  from  the  panel 
to  look  for  the  next  instruction.  The 
recording  technique  also  points  out 
other  wasted  motions  and  errors  in 
instruction  preparation  that  were 
not  apparent  with  wiring  lists. 

The  sketch  shows  a  simplified 
version  of  a  panel  wiring  assembly. 
The  conventional  wiring  list  is  pre¬ 
pared  according  to  wire  lengths  and 
color  and  is  intended  for  assembly, 
not  inspection.  One  instruction 
might  call  for  a  test  between  points 
As  and  K,.,  the  next  between  points 
C,  and  J;,  the  third  between  points 
A-  and  D„  etc.  Jumping  from  one 
part  of  the  assembly  to  another 


Wiring  list  requires  inspector  to 
look  for  new  instruction 


wastes  motions  and  time. 

To  correct  this,  instructions 
(known  as  “calls”)  are  arranged 
while  they  are  recorded.  All  the  A 
points  are  recorded  first,  all  the  B 
points  next,  and  so  on.  A  further 
breakdown  is  made  so  that  all  A 
points  which  have  their  origin  and 
termination  in  the  A  section  appear 
first,  A  points  which  terminate  in 
B  appear  next,  and  so  on. 

The  calls  proceed  from  top  to  bot¬ 
tom  and  left  to  right  in  an  order 
that  does  not  require  the  inspector 
to  cross  his  arms.  For  many  tests, 
the  inspector  need  move  only  one 
test  probe.  In  all  cases,  testing  se¬ 
quence  minimizes  arm  motion. 

Sequential  arrangement  of  the 
instructions  also  provides  a  visual 
check  on  the  wiring.  The  inspector 
knows  that  he  is  to  check  each  ter¬ 
minal  in  order.  If  the  tape  skips  a 
terminal  with  a  wire  on  it,  he  knows 
that  a  recording  error  has  been 
made  (or,  possibly,  a  wiring  error) 
and  he  can  take  the  necessary  action 
to  correct  it. 

Engineering  changes  can  be  in¬ 
corporated  easily  into  the  tape.  The 
new  information  is  simply  cut  into 
the  tape  at  the  appropriate  spot, 
without  additional  drawings  or  pa¬ 
per  work.  Two  or  more  identical 
panels  can  be  inspected  at  the  same 
time  by  preparing  duplicate  tapes 
from  the  original. 

On  completion  of  a  test,  the  tape 
can  be  stored.  Three  complete  lists 
of  instructions  can  be  stored  on  a 
1,200-foot  roll  of  tape  costing  about 
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Inspector  listening  to  instrttctions  never  has  to  take  eyes  from  panel. 
Recording  is  prepared  so  teat  probes  move  in  sequence  from  top  to  bottom 
and  left  to  right 
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Design  Breakthrough 


General  Instrument  Semiconductor 


2N1678  “DYNAMIC 

DRIFT” 


High  Voltage 
High  Speed 
Saturated  Circuitry 
At  Low  Cost 


General  Instrument  proudly  presents  the  2N1678 
“Dynamic  Drift”, . .  ideally  suited  for  high  speed, 
high  voltage  saturated  circuit  applications.  The 
1  Me  bistable  multivibrator,  above,  is  only  one  ex¬ 
ample  of  the  multitude  of  applications  for  this 
attractively-priced  transistor  family. 

Life  test  data  proves  reliability  of  the  new  General 
Instrument  2N1678  “Dynamic  Drift”.  Close  quality 
control  guarantees  extremely  high  electrical  uni¬ 
formity,  shipment  to  shipment. 


COMPUTER  SEMICONDUCTORS 


FULL  LINE  OF  QUALITY 


General  Instrument  is  your  major  source  for  high  quality 
computer  semiconductors  .  .  .  transistors,  as  well  as  eom~ 
panion  diodes,  rectifiers  and  logic  encapsulations  for  every 
type  of  circuit  application.  The  transistor  families  shown 
below  indicate  the  broad  range  of  superior  quality  units 
offered  by  General  Instrument. 


Write  General  Instrument  for  complete  engineering  and 
life  test  data,  design  curves,  and  typical  circuitry  which 
takes  advantage  of  the  unique  combination  of  characteristics 
offered  by  the  new  Q  2N 1678.  Data  is  available,  of  course, 
on  our  full  line  of  computer  semiconductors.  Our  engineers 
will  gladly  discuss  your  specific  circuit  requirements. 


All  speeds  shown  have  been 
attained  with  conventional  satu¬ 
rated  circuitry.  Total  bar  length 
represents  rate  (period)  using 
speed-up  capacitors:  broken  bar 
indicates  maximum  speed  with¬ 
out  capacitor. 

Representative  transistors 
shown  are  allbyed-junction  de¬ 
vices.  Types  2N501A,  2N604, 
and  2N1678  are  MADT,  Drift, 
and  High-Voltage  Drift,  respec¬ 
tively. 


|2!l!3!0 


\mm 


?fl5?3A 
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SEMICONDUCTOR 
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65  Qouverneur  Street.  Newark  4.  New  Jersey 


IN  CANADA:  6<neral  lnstr«a«nt-F.  W.  Sickits  tf  Canada  Ltd.,  P.O.  Bax  408, 151  S.  Wibtr  Street,  Waterlaa,  Ontaria,  Canada.  Sberweed  4-8101 
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$3.  The  storage  cost  is  consider¬ 
ably  less  than  that  of  cabinets  and 
print  material. 


New  Silver  Brazing 
Wire,  Torch  Offered 


'/re 


PLASTIC 

PROTECTORS 


REALLY 


PROTECT! 


Driven  through  a  4x4... threads  unhurt! 

Yes,  we  actually  did  it!  We  fitted  an  S.  S.  White 
Quality  Line  plastic  protector  to  this  test  piece  (a 
spike  with  one  end  threaded).  Then  we  drove  the 
spike  through  a  four-by-four  by  hammering  on  the 
rigid  acetate  protector. 

We  found  that  despite  the  terrific  pounding,  both  the 
protector  and  the  delicate  threads  it  was  assigned  to 
protect  came  through  undamaged! 

Here  is  the  ultimate  in  security  for  your  products  dur¬ 
ing  shipping,  storage,  processing . . .  quality  protection 
your  customers  will  appreciate! 

Check  our  Economy  Line  too.  Elastic  vinyl  plastic  pro¬ 
tectors  that  have  a  stay-put  fit  and  a  non-slip  grip  for 
quick,  easy  removal.  Absolutely  non-shredding. 


WRITE  FOR  BULLETIN 

P-5708  and  Free  Samples 


0«pt.  17P,  10  East  40th  Strsst,  Nsw  York  16,  N.  Y. 


Torch  in  use  for  a  brazing  applica¬ 
tion 


TORCH  BRAZING  aids  in  the  form  of 
flux-cored  silver  brazing  wire  and 
a  metal  spraying  torch  for  silver 
alloy  or  bronze  brazing  were  intro¬ 
duced  recently  by  Air  Reduction 
Co.,  New  York. 

The  cored  wire  is  reported  to 
minimize  precleaning  of  parts,  pre¬ 
vent  flux  inclusions  in  the  joint  and 
give  the  brazer  a  visual  indication 
of  the  proper  brazing  temperature. 
As  the  workpiece  is  heated,  the 
wire  is  wiped  across  the  Joint. 
When  a  temperature  of  approxi¬ 
mately  950  F  is  reached,  the  flux 
spews  out  of  the  core  and  onto  the 
joint.  The  filler  metal  follows  the 
flux  into  the  joint,  resulting  in  a 
small  fillet.  The  wire  is  self-sealing 
after  cooling,  so  the  remaining  flux 
is  saved  for  the  next  use. 

The  wire  is  made  by  placing  flux 
on  silver  alloy  strip,  which  is  then 
formed  into  a  tubular  sheath 
around  the  flux. 

The  new  torch  is  an  oxy-acetylene 
model  equipped  with  a  metal  powder 
dispenser  and  a  modified  tip.  The 
powder  is  fed  by  a  carrier  gas  into 
the  flame,  where  it  fuses  on  its  way 
to  the  working  surface.  Liquid  flux 
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BENDIX-PACIFIC 

in  Southern  California 

needs  ENGINEERS  with 
DOCTORS’-  MASTERS’-  BACHELORS’ 

DE6REES 

for  electrical  and  systems  work  in  fields  of 
M issil e  G ti idance — / nstru m e ntation — Tel em  etry 
Anti-Submarine  Detection  Systems/Operations  Research 
Military  Navigation 

AtlvancecI  positions  are  open  in  onr  “Eagle”  Missile  Program  in 
Electrical  Engineering  for  the  design  of  transistor  circuits,  servo- 
mcchanisnis,  microwave  electronics  and  data  links. 


Please  send  resume  to  W.  C,  WALKER 

Bendix-Pacific 

Division 

ENGINEERING  EMPLOYMENT  MANAGER 

IIM2  SHERMAN  WAY 

NONTH  MOLCVWOOO.  CAktr. 

Other  High-Level  Electronic 

Engineering  Positions  Available 
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RADIO-TELETYPEWRITER  TERMINAL 


RA129  IS  SIMPLE  TO 
ipEWE  SUICK  .0  .LI6« 

accurate  and  depend^ 
vet  MERY  LOVI  IN  C0ST  + 


TYPE  RA.129 
Single  Channel 

TYPE  RA.103 
Dual  Diversity 


Frequency  Range: 

i  I— 30Mc/t 

Tuning: 

Continuous  without 
band-switching 

Frequency  Shift:  Signalling  Speeds: 

1 50  to  1000  cycles  total  Lip  to  300  bauds 


CANADIAN  AGENT, 


I  Output:  Power  Supply: 

I  I’olariscd  or  neutral  100/125  and  200/250 
I  Suitable  for  all  tele-  volts 

1  printers  45/65  c/s  AC.  220  watts 

Write  Tor  dcuils  to: 

RACAL’S  REPRESENTATIVE  in  the 
UNITED  STATES,  Mr.  W,  J,  ZLLLO;  104, 
Highland  Avenue,  Somerville  43,  Mass. 
INSTRONICS  LTD.  P.O.  Box  100,  Stittsville,  Ontario,  Canada 


RACAL  ENGINEERING  LIMITED 

WE.STERN  ROAD,  BRACKNELL,  BERKS,  ENGLAND  Tel.:  Bracknell  441  'Granu/Cables :  RACAL  BRACKNELL  BERKS 

Oversfus  agents  in  most  territories 


unsss 
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is  used.  The  torch  can  also  be  used 
for  hardfacing  and  coating. 


Twist  and  Heat  Seals 
Wire  Connections  Fast 

SIMPLE  METHOD  of  producing  effec¬ 
tive  sealed  wire  joints  with  plastic 
insulated  conductors  has  been  de¬ 
veloped  by  the  Australian  Post 
Office,  Sydney,  reports  McGraw- 
Hill  World  News. 

The  unstripped  wires  are  loosely 
twisted  together.  Heat  is  applied 
to  soften  the  plastic.  The  wires 
are  then  twisted  together  with  a 
normal  crank  twist. 

The  wires  move  through  the 
softened  plastic  and  make  a  good 
electrical  joint  while  the  plastic  re¬ 
seals  itself  around  the  wire  twist. 
As  surplus  wire  is  cut  off,  the  plas¬ 
tic  is  pushed  back  over  the  twist 
for  about  a  half  inch  to  form  a 
blob  of  plastic  at  the  end  of  the 
joint. 

The  exposed  wire  ends  are  then 
sealed  by  heating  the  blob  of  plas¬ 
tic,  causing  it  to  seal  itself  over 
the  end  of  the  joint. 

Standard  acetylene  torches  are 
being  used  by  the  Australians,  but 
effective  joints  can  be  made  using 
a  heat  source  as  small  as  a  cigarette 
lighter.  Any  heat  source  can  be 
used  on  polyethlyene,  but  radiant 
heat  is  required  for  pvc  insulations, 
since  a  bare  flame  is  unsatisfactory. 

Experience  with  plastic  cables  in 
Australia,  England  and  the  United 
States  indicates,  according  to  the 
report,  that  almost  all  faults  occur 
at  joints.  It  is  claimed  that  the 
twist  and  heat  method  reduces  the 
po.ssibility  of  bad  joints  and  thus 
cuts  down  fault  occurrence  in 
cables. 

Advantages  cited  are:  a  perman¬ 
ent  waterproof  seal  is  produced, 
wire  stripping  is  unnecessary, 
soldering  is  unnecessary,  no  special 
sleeve  is  required,  and  the  tech¬ 
nique  is  simple. 


What  is  ANELEX 
High  Speed  Printing? 


Up  to  320,000  numeric  or  240.000  alpha-numeric  char¬ 
acters  per  minute. 

Perfect  alignment,  fully  formed  characters,  multiple  copies 
and  precise  conformity  to  the  most  comple.x  preprinted  forms. 

/S.  Reliability  proven  by  ten  years’  experience  and  assured  by 
use  at  Scientific,  Military,  Commercial,  Industrial,  Insurance 
and  Banking  installations. 

Anclex  High  .Sjseed  Printers  print  from  magnetic  tape  or 
“on-line”  from  data  processing  systems  ...  on  single  or 
multiple  carbons,  pressure  sensitive  papers,  heat  transfer  type 
papers,  preprinted  forms  or  card  stock.  All  Operator  Controls 
are  easily  manipulated  by  office  persvmnel  without  specialized 
experience  or  skills. 

For  systems  designers.  Anelex  Printers  provide  the  widest 
possible  choice  of  capabilities,  because  standard  production 
modules  can  Ise  combined  to  meet  almost  any  specifications 
as  to;  operating  speeds  ( up  to  2,000  lines  per  minute ),  number 
of  columns  (8  to  160).  number  and  type  of  characters  per 
column  (up  to  66)  dimensions  of  preprinted  forms  (up  to 

2(rx22''). 


Tubes  Cushion  Packaj^es 

SMALL  PAPER  TUBES  are  offered  as 
reusable  packing  material  by  Safe- 
T-Flo-Pak,  Redwood  City,  Calif. 
The  tubes  are  poured  to  surround 
and  suspend  objects  in  the  con¬ 
tainer.  A  resin  coating  prevents 
migration  of  packed  items. 


for  further  information,  write  or  telephone 

ANelex  corporation 

150-F  CAUSEWAY  ST..  BOSTON  14,  MASS. 
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COMMUNICATION  SYSTEMS..  .  the  ultimate  integration  of  the  electronic  arts 


Among  the  great  names  in  the  telecommunications 
and  electronics  industry,  Kellogg  today  is  one  of  the 
country’s  strongest  sources  of  advanced  communica¬ 
tions  equipments  and  systems.  We  have  one  major 
goal  —  to  provide  the  finest  communications  that 
the  electronic  arts  make  possible  .  .  .  for  industrial, 
commercial  and  military  needs. 

The  Communication  Systems  Department  of  Kellogg, 
growing  by  leaps  and  bounds  to  keep  pace  with 
demands  for  wholly  integrated  communications 
means,  provides  large-scale  communications  systems 
from  Alpha  to  Omega  .  .  .  from  systems  studies 
through  engineering  and  production.  Engineering 
is  concerned  with  all  phases  of  telephone,  radio, 
data  communications  and  automatic  control  circuit 
design.  Principal  areas  of  engineering  organization  . 
include  Project  Engineering,  Applications  Engineer¬ 


ing,  Development  and  Systems  Evaluation  and  Utili¬ 
zation  and  Reliability. 

Typical  of  Kellogg’s  major  systems  engineering 
achievements  is  the  provision  of  complete  ground 
communications  for  the  firing  of  Titan  and  Thor 
ballistic  missiles  and  Discoverer  and  Samos  space 
satellites  at  Vandcnberg  Air  Force  Base.  Similarly, 
Kellogg  has  provided  for  the  Atlas  ICBM  program 
nine  separate  systems  for  communication,  control, 
maintenance  and  check-out,  count-down,  voice-re- 
cording  and  fire  alarm  —  all  functioning  as  an 
integrated  system. 

If  you  seek  a  dynamic  organization  in  which 
to  further  your  future,  write  Manager  of  Tech- 
nictU  Staffing,  Communication  Systems  Depart¬ 
ment,  Dept.  M-03(04). 


ITT  KELLOGG  Communications  Division,  International  Telephone  and  Telegraph  Corporation 
500  North  Pulaski  Road,  Chicago,  Illinois 
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New  On  The  Market 


Thermoelectric  Vacuum  Baffle 
USES  SEMICONDUCTOR  ELEMENTS 


THERMOELECTRIC  BAFFLE  for  USe 
with  vacuum  systems  is  available 
from  General  Thermoelectric  Corp., 
Princeton,  N.  J.  This  baffie  is  a 
completely  solid-state  device — the 
basic  cooling  elements  are  Frigis- 
tors — eliminating  the  need  for  con¬ 
ventional,  mechanical,  refrigeration 
equipment.  It  is  noiseless,  has  no 
moving  parts,  and  does  not  require 
major  maintenance.  Power  con¬ 
sumption  is  small  compared  with 
that  of  freon-type  baffles.  The  price 


range  contemplated  for  the.‘>e  ther¬ 
moelectric  baffles  is  low. 

The  baffle  concept  is  the  result  of 
the  development  of  Frigistors  by 
Needco  Cooling  Semiconductors, 
Ltd.,  an  affiliated  company.  The 
baffle  is  available  in  sizes  ranging 
from  2  inches  to  32  inches  in  diame¬ 
ter,  compatible  with  existing  vac¬ 
uum-system  equipment.  Delivery 
can  be  made  in  60  to  90  days  for 
common  sizes. 
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Magnetic  Storage  Drums 
ACCURATE,  ADJUSTABLE  DELAYS 


MAGNETIC  storage  drums  are  avail¬ 
able  from  Instrument  Systems 
Corp.,  College  Point  56,  L.  I.,  N.  Y. 
A  typical  custom-designed  model  in¬ 
cludes  4  complete  channels,  two  of 
which  provide  adjustable  delays  of 


up  to  six  seconds  accommodating 
either  complex  waves  or  pulses.  The 
unit  uses  a  synchronous  drive  mo¬ 
tor  and  hydraulically  damped  gear 
box  which  results  in  smooth  and 
uniform  drum  motion.  Means  for 


isolation  from  vibrational  di.sturb- 
ances  and  bending  moments  are  in¬ 
corporated,  allowing  head  spacings 
of  as  small  as  0.0005  inch  to  be  em¬ 
ployed. 

Delay  is  varied  by  angularly  tra¬ 
versing  the  adjustable  heads  from 
a  front  panel  knob  which  also  actu¬ 
ates  a  mechanical  counter  for  direct 
readout.  The  design  provides  for 
addition  of  a  servo  drive  to  this 
delay  control.  Recording,  playback 
and  erasing  heads  can  be  individu¬ 
ally  positioned  for  spacing  from  the 
drum  and  for  angular  zero.  The 
adjustable  delay  heads  can  also  be 
set  for  concentricity  and  tracking 
accuracy. 

The  unit  provides  accurate,  con¬ 
tinuous  duty,  adjustable  and  refer¬ 
ence  signal  delays  for  such  applica¬ 
tions  as  correlation  processing, 
pulse  comparison,  vibration  studies, 
reverberation  effects,  sonar  investi¬ 
gations  and  other  situations  where 
fixed  and  variable  delay  require¬ 
ments  are  found.  Design  and  as¬ 
sembly  features  allow  the  unit  to 
be  supplied  in  a  wide  variety  of  fre¬ 
quency  responses,  delay  adjust¬ 
ments,  head  configurations  and 
number  of  recording  tracks. 
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Spring-Energized  Gyro 

FOR  BALLISTIC  DEVICES 

A  LOW-COST  SPRING-ENERGIZED  gyro 
for  inertial  reference  in  short  dura¬ 
tion  missiles  and  other  ballistic  de¬ 
vices  has  been  developed  by  Model 
Engineering  and  Manufacturing 
Corp.,  Memcor-Courter  Products 
Division,  Boyne  City,  Michigan. 
Called  model  1091,  the  entire  self- 
contained  package  weighs  about  33 
pounds  and  measures  5  inches  long 
by  4.2  inches  in  diameter.  The  her¬ 
metically  sealed  gj’ro  gives  full  per¬ 
formance  for  a  minimum  of  100 
firings,  and  may  be  used  in  any  ap¬ 
plication  requiring  a  short  dura¬ 
tion  mechanically  energized  gyro¬ 
scopic  component.  Variations  in 
winding  methods  may  be  incorpo- 
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On*  of  th*  first  silicon  rsctifisrs 
in  volume  production 

TARZIAN  M-500 
Silicon  Rectifier 


The  Sarkes  Tanian  M-500  silicon  recrifier  is  rated  at  500 
milliamperes  dc,  with  a  peak  inverse  voltage  rating  of  400  volts. 

This  was  the  first  commercially  priced  silicon  rectifier,  and  more 
M'500’s  are  now  in  use  than  any  similarly  rated  unit. 

The  Tarzian  M-500  is  a  cartridge  type  rectifier  with  end  ferrules  that 
snap  quickly  and  easily  into  standard  clips.  The  M-500  is  made  by 
a  special  Tarzian  process  that  provides  optimum  forward  to 
reverse  ratios  and  long,  useful  life. 

For  additional  information,  practical  application  assistance,  and 
prices  on  the  M-500,  write  Sarkes  Tarzian,  Inc.,  Semiconductor 
Division,  Bloomington,  Indiana 


DC  amps 
(too®  C) 

Peak  Inv. 
Voltage 

Taalan 

Type 

Max.  RMS 
Volts 

Max.  Recurrent 
Peak  Amperes 
(too*  C) 

Max.  Surge 
Amps  4MS 

JEDEC 

No. 

0.5 

400 

M-SOO 

280 

5 

30 

1N10S4 

other  voltag*  *nd  current  ratlnos  aleo  available  In  thie  atyle. 


SARKES  TARZIAN.  INC. 

Wortd'i  iMdini  Manefteturtrs  of  TV  and  FM  Tunara  •  Closed  Circalt  TV  Systama  •  Broadcast 
Eqaipmant  •  Air  Trimmers  •  FM  Radios  •  Ma(natic  RacordingTapa  •  Samiconductor  Davicas 

SKMICONOUCTOR  DIVISION  e  BLOOMINOTON,  INDIANA 

In  Cantda:  TOO  W»$ton  M.,  Toronto  $  •  Export:  Ad  Auriomm,  tne..  Now  York 


December  16,  1960 
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Energy  Converter 

THERMIONIC-THERMOELECTRIC  DEVICE 

A  COMBINATION  thermionic-thermo-  without  additional  heat  input  pro¬ 
electric  energy  converter,  which  duces  twice  as  much  power  as  a 


AS  A  result  of  merging  low-fre¬ 
quency  potentiometer  and  micro- 
wave  resistive  techniques,  the  Ra¬ 
dar  Design  Corp.,  Pickard  Dr., 
Syracuse  11,  N.  Y.,  has  developed 
a  coaxial  attenuator  that  is  continu- 


Variable  Attenuator 

FROM  0-500  MC 


rated  when  the  gyro  is  to  be  used 
repeatedly. 

The  gyro  has  segmented  pickoff 
commutaters  on  its  outer  gimbal  for 
roll  reference  information.  Un¬ 
latching  is  by  either  one  or  two  28 


V  d-c  dimple  motors,  followed  auto¬ 
matically  by  uncaging. 

Full  speed  of  3,330  rpm  is  at¬ 
tained  in  100  milliseconds,  and  run¬ 
down  time  is  7  to  9  minutes. 
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New  Plastic 

ABSORBS  MICROWAVES 

MICROWAVE  absorbing  plastic  that 
can  be  used  for  power-level  control 
in  the  uhf  and  microwave  regions 
has  been  developed  by  Coax  Devices, 
Box  V,  Chel.sea  50,  Ma.ss.  Called 
Microlo.ss,  this  material  can  be  fab¬ 
ricated  to  form  medium  power  at¬ 
tenuators,  mode  absorbing  rings, 
cavity  damping  rings,  absorbing 
covers  for  probing  antennas  and  as 
a  control  for  amplitude  distribution 
in  antennas. 


Microloss  can  be  used  from  minus 
70  deg  C  to  plus  150  deg  C  without 
deterioration.  It  will  not  support 
fungus  growth.  It  is  available  in  12 
inch  lengths  in  rectangular  rods 
conforming  to  many  waveguide  in¬ 
ternal  dimensions.  Round  rods  are 
also  available.  Other  shapes  can  be 
furnished  upon  request. 

Prices  on  standard  shapes  vary 
from  $30  to  $60. 
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thermionic  converter  alone,  has 
been  developed  by  the  General  Elec¬ 
tric  Co.,  Schenectady  5,  N.  Y.  The 
new  device  takes  advantage  of  the 
fact  that  thermionic  conversion  is 
most  efficient  at  higher  tempera¬ 
tures  while  a  thermoelectric  gener¬ 
ator  works  best  at  relatively  lower 
temperatures. 

In  tests,  a  General  Electric  pro¬ 
duction-type  vacuum  thermionic 
converter  (Z-5386)  was  sandwiched 
with  a  zinc-antimonide  constantan 
thermoelectric  generator.  The  ther¬ 
mionic  converter,  running  at  a 
cathode  temperature  of  875  deg  C, 
produced  0.2  watt.  At  the  same 
time,  the  thermoelectric  generator 
produced  0.34  watt  at  a  hot-junction 
temperature  of  350  deg  C  and  a 
heat  sink  temperature  of  100  deg 
C.  This  increase  in  .system  power 
output  without  more  heat  input 
doubled  the  efficiency  of  the  system. 
The  heat  source  was  propane  gas. 

Studie.s  indicate  that  efficiencies 
of  16  percent  and  better  may  be  at¬ 
tainable  using  vapor  thermionic 
converters  operating  at  a  cathode 
temperature  of  1,325  deg  C,  cas¬ 
caded  with  lead  telluride  thermo¬ 
electric  generators,  operating  at  a 
hot-j unction  temperature  of  650  deg 
C  and  heat  sink  temperature  of 
about  75  deg  C. 

Such  temperature  ranges  would 
be  available  with  solar,  nuclear  or 
chemical  energy  used  as  the  heat 
source,  and  water  as  the  beat  sink. 
Thus,  with  further  development, 
the  cascaded  device  might  be  used 
for  power  supplies  in  ships,  sub¬ 
marines  and  navigational  aids, 
where  the  lower  temperature  is 
easy  to  obtain. 
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A  HISTORIC 
TELEPHONE 
EXPERIMENT 
BEGINS  IN  AN 
ILLINOIS  TOWN 

New  technology  brings  the  dream  of  an  electronic  central  office 
to  reality . . .  foreshadows  new  kinds  of  telephone  service. 

Today,  the  science  of  communications  reaches  dramatically  into  space,  bounc¬ 
ing  messages  off  satellites.  But  an  equally  exciting  frontier  lies  closer  to  home. 
Bell  Telephone  Laboratories  engineers  have  created  a  revolutionary  new  central 
office.  At  Morris,  Illinois,  an  experimental  model  of  it  has  been  linked  to  the  Bell 
System  communications  network  and  is  being  tried  out  in  actual  service  with  a 
small  group  of  customers. 

This  is  a  special  electronic  central  office  which  does  not  depend  on  mechanical 
relays  or  electromagnets.  A  photographic  plate  is  its  permanent  memory.  Its  "scratch 
pad,"  or  temporary  memory,  is  a  barrier  grid  storage  tube.  Gas-filled  tubes  make 
all  connections.  Transistor  circuits  provide  the  logic. 

The  new  central  office  is  versatile,  fast  and  compact.  Because  it  can  store  and 
use  enormous  amounts  of  information,  it  makes  possible  new  kinds  of  services 
that  will  be  explored  in  Morris.  For  example,  some  day  it  may  be  feasible  for  you 
to  ring  other  extensions  in  your  home  ...  to  dial  people  you  frequently  call  merely 
by  dialing  two  digits  ...  to  have  your  calls  transferred  to  a  friend's  house  where 
you  are  spending  the  evening  ...  to  have  other  numbers  called  in  sequence  when 
a  particular  phone  is  busy. 

The  idea  behind  the  new  central  office  was  understood  20  years  ago,  but  first 
Bell  Laboratories  engineers  had  to  create  new  technology  and  devices  to  bring  it 
into  being.  A  Bell  Laboratories  invention,  the  transistor,  is  indispensable  to  its 
economy  and  reliability. 

This  new  experiment  in  switching  technology  is  another  example  of  how  Bell 
Telephone  Laboratories  works  to  improve  your  Bell  communications  services. 

BELL  TELEPHONE  LABORATORIES 

World  center  of  communications  research  and  development 

Part  of  a  memory  plate  of  the  new  electronic  central  office  it  shown  at  right  (enlarged 
8  times).  Spots  are  coded  instructions  which  guide  the  system  in  handling  calls  and 
Keeping  itself  in  top  operating  form.  Over  two  million  spots  are  required.  Logic  and 
memory  are  physically  separated  in  the  machine,  so  new  functions  can  be  easily 
added.  The  experiment  is  being  conducted  in  co-operation  with  the  Illinois  Bell 
Telephone  Company  and  the  Western  Electric  Company. 
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ously  variable  0-25  db  above  a  maxi¬ 
mum  1  db  insertion  loss.  For  any 
setting,  attenuation  does  not  change 
with  frequency  greater  than  plus  oi 
minus  0.5  db.  Knob  may  be  re¬ 
moved  for  servo-drive  applications 
Price  and  delivery  $185.00  eact 
(Model  RDA-1196),  shipped  fron 
stock  after  January  1,  1961.  BNC 
connectors  standard.  TNC  and 
Type  N  availa^ple. 
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Communication  Antennas 

FEATURE  NEW  DESIGN 


Lff  BOESCH 

MINITOR 


A  BASICALLY  new  30  to  50-Mc  fixed 
station  antenna  for  two-way  com¬ 
munications  is  being  offered  by  the 
Andrew’  Corp.,  P.  0.  Box  807,  Chi¬ 
cago  42,  Illinois. 

Called  Helipole,  type  902,  the  an¬ 
tenna  employs  a  bifilar  helical  ele¬ 
ment  in  the  Fiberglas  encased  radi¬ 
ator.  The  ground  rods  use  single 
helix  conductors.  Lightw’eight  (13 
pounds)  and  durable  (30  psf  with 
i  inch  ice),  the  Helipole  is  40  per¬ 
cent  smaller  than  conventional  an¬ 
tennas  at  the  same  frequency. 
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.  .  .  machine  -  winds  q/.£ 

1/32"  toroids 

The  coil  shown  above  is  a  ^a"  residual  I.D.  toroid  being  w’ound  by 
machine  on  Boesch’s  new  Model  MW400  MINITOR.  It’s  the  smallest 
machine-wound  coil  ever  made  (only  half  as  large  as  the  smallest 
previously  available),  and  it  can  only  be  wound  on  MINITORl 

This  achievement  reflects  a  completely  new,  unique  method  of  coil 
winding  perfected  by  Boesch.  The  wire  is  load^  inside  a  hollow, 
round  cross-section  shuttle,  and  the  winding  is  spun  out.  A  single 
loading  of  this  unique  shuttle  is  usually  enough  to  wind  several  coils. 

MINITOR  handles  wire  sizes  from  *36  to  *50  AWG,  and  winds  up 
to  500  turns  per  minute.  Maximum  finished  coil  size  is  K*. 

Shuttles  for  MINITOR  are  loaded  by  a  Boesch  PW-100  Loader.  This 
machine  can  service  as  many  as  20  winding  machines,  and  it  can 
load  needles  for  hand  winding  as  well. 

If  you  now  own  a  Boesch  SM  series  machine,  you  can  convert  it  to 
MINITOR  operation  economically  by  buying  a  400-200  Head,  a 
400-300  Core  Rotating  Assembly,  and  the  PW-100  Loader. 


WRITE  TO  VS  TODAY  for  complete  specifica- 
tioru,  delivery  schedules  and  prices  on  MINITOR. 


Fiber-Optics  CRT 
GIV^ES  HIGH  RESOLUTION 


DEVELOPMENT  of  a  five-inch  cathode 
ray  tube  faceplate  formed  of  140 
million  super-fine  glass  threads  has 
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been  announced  by  Mosaic  Fabrica¬ 
tions,  Inc.,  Southbridge,  Mass. 
Called  fiber  optics,  the  tiny  strands 
carry  light  and  images  from  one 
end  to  the  other.  Total  resolution, 
or  picture  quality,  of  this  faceplate 
is  claimed  by  the  company  to  be  560 
times  better  than  existing  tv  pic¬ 
tures. 
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Carrier  Deviation  Meter 

uses  multi'Crystal  stability-lock 


Photomodulator 

MINIATURE  SIZE 


PHOTOCHRON  RESEARCH,  INC.,  Two 
How’ard  St.,  New  York  13,  N.  Y. 
Miniature  chopper  is  designed  to 
alternately  connect  and  disconnect 
a  load  from  a  signal  source.  It  may 
also  be  used  as  a  modulator  to  con¬ 
vert  an  a-c  signal  to  d-c.  It  is  an 
inertiale.ss  device  that  can  be  driven 
from  d-c  to  1  Kc  by  sine  or  square 
wave  .sources  of  suitable  voltage. 
Model  PG-4  is  a  nonmechanical 
device  which  u.ses  light-modulated 
photosensistors  as  the  switching 
element.  The  switching  circuitry  op¬ 
erates  the  photosensistors  in  a  man¬ 
ner  which  provides  .stability,  free¬ 
dom  from  drift,  and  low  noise.  The 
unit  having  no  moving  parts  is 
practically  immune  to  the  effects  of 
shock  and  vibration,  making  it  ideal 
for  military,  mi.ssile.  and  portable 
applications  or  where  miniaturiza¬ 
tion  and  elimination  of  maintenance 
are  a  necessity.  Units  are  available 
in  both  sp.st  and  dpst,  in  a  choice 
of  high  or  low  impedance.  The 
chopper  u.ses  a  standard  7-pin  base 
so  that  it  may  be  plugged  into  any 
standard  7-pin  miniature  tube 
socket  or  used  on  a  p-c  lK)ard. 
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Direct  indication  of  fm  deviation 

From  200  cps  to  125  kc  makes  this 
latest  model  in  the  Marconi  791  series 
applicable  to  both  communication 
and  broadcast  fm  systems. 

Crystal  locking 

at  any  point  in  its  4-  to  1024-  me 
carrier  range  brings  new,  exceptional 
stability  and  freedom  from  micro¬ 
phony  in  low-deviation  measure¬ 
ments.  Use  of  an  external  indicator 
extends  the  deviation  range  down  to 
10  cps,  allowing  fm  hum  and  noise 
on  uhf  close-channel  transmitters  to 
be  measured  with  ease  and  certainty. 

An  in-bailt  deviation  standard, 

crystal  governed,  insures  full  rated 
accuracy  at  all  times. 

Srm/  for  U’uflft  BI43 


CLOSE-UP  OF 
RANGE  CONTROL 


ABRIDCED  SPECIFICATIONS 

CARRIER  DEVIATION  METER  79tD 
Carrier  Frequency  Range:  4  to  1024  me. 
Mndulalion  Frequency  Range:  SO  cp»  to  35  kc. 
Measures  Devialion;  200  cps  to  1 23  kc  in  Tour 
ranges.  Measures  down  to  10  cps  using  ex¬ 
ternal  readout. 

Mearureinenl  Accuracy:  ±3%  of  full-scale 
for  modulation  frequencies  up  to  23  kc. 
Internal  FM :  Due  to  hum.  noise  and  micro¬ 
phony.  less  than  -53  db  relative  to  3  kc 
deviation. 

Tuber:  6AK5.  6AS7.  6C4.  6CD6G.  5651, 
5647.  3Z4G.  OB2. 


Crystal  Filters 

HIGHLY  RELIABLE 


SYSTEMS  INC.,  2400  Diversified  Way, 
Orlando,  Fla.,  offers  upper  and 
lower  sideband  filters  designed  for 
ssb  equipment  at  4  Me.  Symmetrical 
pa.ssband  character i.stics  also  make 
the.se  filters  suitable  for  bandpa.ss 


LANE  ENGLEWOOD  NEW 

Tel ;  lOwell  7-0607 


CANADA:  CANADIAN  NARCDNI  CO  '  MAXCONI  gUILDINC  2442  TKENTON  AVE  •  MONTREAL  14 
MARCONI  INSTRUMENTS  LTD  ■  ST.  ALBANS  ■  HERTS  '  SNCLAND 
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7- story 
building... 
but  it  uses 
tiny  BRISTOL 
CHOPPER 


filter  applications.  Specifications 
are:  center  frequency  insertion  loss 
(max),  6  db;  passband  ripple  ±  1 
db;  stopband  loss,  at  least  80  db; 
impedance,  input  10,000  ohms  bal¬ 
anced,  3,000  ohms  unbalanced; 
dimensions,  2  in.  by  2  in.  by  3i  in. 
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Preprinted  Symbols 

SAVE  MAN-HOURS 

ENGINEERING  AND  SCIENCE  AIDS  CO., 
392  Jackson  Ave.,  Jersey  City  5, 
N.  J.,  has  introduced  a  new  product 
intended  to  reduce  substantially  the 
valuable  time  presently  spent  in 
drafting  electronic  circuit  diagrams 
for  technical  articles  and  produc¬ 
tion  drawings.  Called  Select-A-Cir- 
cuit  due  to  its  versatility,  it  consists 
of  all  ASA  and  IRE  electrical  sym¬ 
bols,  individually  printed  on  self- 
adhesive  matte  acetate.  Select-A- 
Circuit  is  available  by  individual 
component  symbol  in  pads  of  100 
symbols.  Coordinated  assortments, 
individually  boxed,  permit  circuit 
designers  to  construct  many  circuit 
illustrations  of  transistors,  relays, 
diodes  or  vacuum  tubes.  Company 
offers  samples  and  catalog  on  re¬ 
quest. 
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More  than  40,000  parts,  each  of  which  must  meet  the  most 
stringent  reliability  standards,  make  up  the  U.  S.  Atlas  inter¬ 
continental  ballistic  missile,  built  by  prime  contractor  Convair 
(Astronautics)  Division,  General  Dsmamics  Corporation. 

Among  these  parts  is  the  Bristol  Syncroverter*  chopper  .  .  , 
adding  to  its  record  of  service  in  U.  S.  guided  missile  systems 
of  almost  every  type  since  their  very  beginnings. 

Billions  of  operations.  To  insure  the  reliability  so  necessary 
in  aircraft  and  missile  operations,  Bristol  Syncroverter  chop¬ 
pers  are  constantly  under  test  at  Bristol,  with  and  without 
contact  load.  One  example:  We’ve  had  five  4()0-cycle  choppers 
operating  with  12v,  Ima.  resistive  contact  load,  for  more  than 
26,000  hours  (2.96  years)  continuously  without  failure  — over 
37-billion  operations ! 

Many  variations  of  Bristol  Syncroverter  choppers  and  high¬ 
speed  relays  are  available  —  including  external-coil,  low-noise 
choppers.  Write  for  full  data.  The  Bristol  Company,  Aircraft 
Equipment  Division,  152  Bristol  Road,  Waterbury  20,  Conn. 

•T.U.Rsg.V.S.Pet.OS. 


BRISTOL. 


FINE  PRECISION  INSTRUMENTS  FOR  OVER  SEVENTY  YEARS 


Miniature  Amplifiers 

PROPORTIONAL  TYPE 

MAGNETIC  CONTROLS  CO.,  6405  Cam¬ 
bridge  St.,  Minneapolis  26,  I^nn., 
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it 


announces  a  line  of  miniature,  solid 
state  proportional  amplifiers  de¬ 
signed  to  control  up  to  100  w  of  d-c 
power  (while  drawing  only  2  va 
a-c)  for  precise  temperature  con¬ 
trols.  Advantages  of  the  PAS  am¬ 
plifiers  include:  small  size  (4.5  cu 
in.);  light  weight  (6.8  oz) ;  varied 
power  ranges  (25  to  100  w  output) ; 
standard  400  cps  pow’er  source;  ab¬ 
solute  sensing  element  protection 
and  control  accuracy  of  0.2  F  to 
0.5  F  under  varying  conditions  of 
line  voltage,  frequency  and  ambient. 
A  built-in  reset  function  helps  in¬ 
sure  maximum  control  accuracy  by 
removing  the  temperature  droop 
which  is  inherent  in  ordinary  pro¬ 
portional  systems.  Each  of  the 
units  is  epoxy  encapsulated  to  offer 
maximum  resistance  to  extreme  en¬ 
vironmental  conditions. 
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Water-Cooled  Triode 

GENERAL-PURPOSE 

THE  MACHLETT  LABORATORIES,  INC,, 
1063  Hope  St,,  Springdale,  Conn. 
The  ML-7560  general-purpose, 
water-cooled  triode  is  designed  for 
400  Kw  continuous  output  as  a 
class  C  amplifier  or  as  an  oscillator 
at  frequencies  up  to  30  Me.  It  is 
also  designed  to  deliver  2.5  mega¬ 
watts  in  a  pulsed  r-f  amplifier  and 
can  switch  14  megawatts  in  a  pulse 
modulator  at  relatively  long  pulse 
duration  with  high  duty  factors. 
The  anode  incorporates  an  integral 
water  jacket  and  can  dissipate  175 
Kw.  Low-inductance  and  high- 
di.ssipation  r-f  terminals  are  pro¬ 
vided  by  a  .sturdy  coaxial  grid  and 
cathode  mounting  structures.  The 
cathode  is  a  .self-supporting,  .stress- 
free,  thoriated-tungsten  filament. 
Ceramic  cylinders  insulate  the  en¬ 
velope.  Maximum  ratings  are  20 
Kv  d-c  plate  voltage  and  600  Kw 


now. .  .find, 
identify,  enaiyze 
noise  &  interference 

1kc — 25mc 

FAST  ! 


just  one  of  the  nnany  ways  to  use 


PANORAMIC’S 


econonnical 

SPA-3/25 

SPECTRUM 

ANALYZER 


Widely  uMd  for  hlgh-spood  location,  idontl- 
ftcotion  and  onolytit  of  rondom  ond  diicrote 
signoU,  tHo  SPA-3/25  outomotically  loparatos 
and  moaturet  tho  froquoncy  and  amplitudo 
of  signals  in  spoctrum  togmonts  up  to  3mc 
wid«,  seloctable  onywhoro  botwoon  1  kc  ond 
25mc  (usoblo  down  to  200  cps).  Diroct 
roadouts  of  froquoncy  distributions  ond  am- 
plitudos  of  signols  art  provided  respec¬ 
tively  on  calibrated  X  and  Y  oxes  of  o  5‘* 
tong-persistence  CRT.  The  SPA-3/25  samples 
the  spectrum  of  a  1-60  cps  rote. 

Panoramic  presentation  of  the 
Model  SPA-3/25 

1.  permits  quick  location  of  signals,  mini- 
mitos  chances  of  missing  weak  signals  or 
holes  in  the  spectrum 

2.  speeds  up  measurements  by  eliminating 
tedious  point-by-point  plots 

3.  enobles  fast,  reliable  detection  of  com¬ 
paratively  low  level  discrete  signals  pres¬ 
ent  in  random  spectra  through  use  of  ad¬ 
justable  narrow  IF  bondwidths  and  corre¬ 
lation  techniques 

4.  allows  identification  and  subsequent 
analysis  of  dynamic  characteristics  of 
modulated  signals  and  noise. 


Panoramic 

RADIO  PRODUCTS.  INC 


Noise  spectrum  analysts  using  internal  video 
smoothing  filter  presents  noise  envelope  over¬ 
age  versus  frequency  in  readily  appreciated 
form.  Internal  marker  pips  ore  jOOkc  oport. 

SPECIFICATIONS: 

Frequency  Range;  I  kc — 25mc  in  2  bonds 
Sweepwidth:  Variable,  calibrated  from  0  to 
3nf»c 

Center  frequency:  Variable,  calibrated  from 
0  to  23  5mc 

Markers:  crystol  controlled,  SOOkc  and  har¬ 
monics  to  25mc 

Resolution:  Variable,  200  cps  to  30  kc 
Sweep  rote;  Vonoble  I  cps  to  60  rn 
Amplitude  Scales;  20  db  linear,  40  db  log, 
10  db  square  law  (power) 

High  sensitivity:  20  nv  full  scale  deflection 
Attenuotor:  100  db  calibrated 
Response  Flatness:  ±  10%  or  ±  I  db 
Input  Imoedonce:  72  ohms.  High  impedorKe 
probe-PRB-I — Optional 

The  SPA-3/25's  great  flexibility  mokes  it  o 
valuable  tool  in  o  wide  ronge  of  opplico- 
tions.  Write,  wire  or  phone  NOW  for  detailed 
specifications  and  NEW  CATALOG  DIGEST. 

Put  your  name  on  our  moiling  list  for  "THE 
PANORAMIC  ANALYZER,"  featuring  applica¬ 
tion  data. 


530  So.  Fulton  Avenue,  Mount  Vernon,  N.Y. 
Phone:  OWens  9-4600.  TWX:  MT-V-NY-5229 

Cables;  Panoramic,  Mount  Vernon,  N.Y.  State 
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NYiON  nr  JACK 
AvoikiM*  in  ott 
fiytofi  body  or 
Q%  o  motol'Clod 
ty#o  to  mo#» 
mititory  spoci- 
fkotions.  Com- 
plotely  intulot- 
•d-oo  ovxiltory  mount¬ 
ing  hordworo  flooded,  , 
. 


NYLON  BANANA 
PLUG 

A  rugged,  high  voHogo 
insirfotod  plug  for  a 
wide  variety  of  op- 
plications. 


Voltage  breakdowns 
ip  to  12,500  volts 

CONNECTORS 

These  rugged  Johnson  connectors  are 
molded  of  tough,  low-loss  shockproof  nylon 
—and  will  not  chip  or  crack,  even  when 
subjected  to  extreme  temperature  changes 
or  severe  mechanical  stress.  Nylon  provides 
high  voltage  insulation,  with  voltage  break¬ 
downs  up  to  12,500  volts  DC.  Metal  clad 
tip  jack  meets  MIL  specifications  (full  speci¬ 
fications  available  on  request).  All  con¬ 
nectors  are  designed  for  fast,  easy  mounting 
—and  are  available  in  13  bright  colors  for 
coded  applications. 


DC! 


DUAL  BANANA 
PLUG 

$o|d«rlMt  dasign,  tough 
shock  rtsistant  nylon  body 
rotaint  strongth  and  tow- 
lost  charoctoristks  ovor  a 
wide  range  of  temperature 
and  high  relative  humidity 
conditions.  Available  in  13 
colors. 


/Ikw 

Writ#  today  for  our  nowost 
•loctronic  compononto 
cotalog  —  comploto 
spocifkations,  onginooring 
prints  ond  curront  pricos  on: 


OTHER 

CONNECTORS 
Johnson  olio 
manufactures  a 
complete  line  of 
standard  con. 
nectors.  For  infor* 
motion,  write  for 
our  newest  com- 
ponents  catalog. 


•  Capacitors  •  Tube  sockets  •  Connectors  •  Pilot 
li9hH  •  Insulators  •  Knobs,  Dials  •  Inductors  e 
Hardware 


E.  F.  JOHNSON  CDs 

2308  2nd  Avo.  S.W.  •  Woseco,  Minn. 


plate  input  at  frequencies  up  to 
30  Me,  although  useful  power  out¬ 
put  can  be  obtained  at  frequencies 
up  to  100  Me  at  redueed  plate  volt¬ 
age  and  plate  input. 
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Rectifier  Tube 

INERT  GAS  FILLED 


NATIONAL  ELECTRONICS,  INC.,  Ge¬ 
neva,  Ill.  A  new  2.5  ampere,  920 
piv  reetifier  is  announeed.  The  NL- 
610/7723  was  espeeially  designed 
for  industrial  power  reetifier  appli- 
eations  where  a  high  eommutation 
faetor  tube  is  required.  The  tube  is 
xenon-filled  for  quiek  starting,  eom- 
paetness.  and  the  ability  to  operate 
within  very  wide  temperature  lim¬ 
its.  Other  ratings:  filament  volts, 
2.5;  filament  eurrent,  9  amperes; 
peak  anode  eurrent,  30  amperes; 
and  condensed  mercury  tempera¬ 
ture  limits  of  —55  to  -f  75  C. 
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Subminiature  Filters 

FOR  TELEMETERING 


TOROTEL,  INC.,  5512  E.  110th  St., 
Kansas  City  37,  Mo.,  has  released 
a  new  line  of  22  subminiature 
filters  having  a  center  frequency 
from  400  cps  to  70  Kc.  Input  and 
output  impedance  is  100  K  with  an 
insertion  loss  less  than  6  db.  At¬ 
tenuation  characteristics  are  3  db 
at  a  bandwidth  of  ±7i  percent,  20 


Johnson  pilot  lights 

immediately  available 
for  original  equipment 
or  in-the-field  replacement! 


Choose  your  next  group  of  panel 
indicators  from  E.  F.  Johnson’s 
'‘preferred”  line — over  47  separate 
assemblies  carefully  selected  from 
Johnson’s  standard  line  by  many  of 
the  nation’s  top  design  and  develop¬ 
ment  engineers.  Available  in  a  wide 
variety  of  types,  these  “preferred” 
units  may  be  obtained  from  stock  at 
parts  distributors  throughout  the 
country  for  original  equipment  or 
in-the-field  replacement.  Write  for 
your  free  copy  of  Johnson’s  newest 
pilot  light  specification  catalog — 
see  how  easy  it  is  to  select  the  right 
pilot  light .  .  .  fast! 


r - — — T 

I  Select  the  right  ! 
{  pilot  light...fast!  { 

I  Compute  pilot  light  I 
I  catalog  750a  contains  I 
I  dotoiled  specifleotions  I 
I  prices,  ond  technical  I 
I  data  .  .  .  everything  I 
I  you  need  to  select  the  I 
I  best  unit  for  your  porti*  I 
I  culor  application.  I 
I  Write  for  your  free  I 


Available  typet  in- 
ckido:  continuous  indica¬ 
tion  neon  types;  models 
for  high  and  low  voltage 
incandescent  bulbs; 
standard  or  wide  angle 
glass;  and  lucite  jewels 
in  clear,  red,  green,  om- 
ber,  blue,  or  opal.  Spec¬ 
ials,  including  those 
meeting  military  specifi¬ 
cations,  also  available 
in  production  quantities. 


K.  FX  .Fcpfi  n-MMi  f'mmtagMi 
2211  Second  Ave.  S.W.  *  Woseco,  Minnosoto 
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READER 

SERVICE 


Use  these  handy  prepaid 
READER  SERVICE  POST  CARDS 
for  more  detailed  information  on; 

PRODUCTS  ADVERTISED 
NEW  PRODUCTS  "On  the  Market" 
LITERATURE  of  the  WEEK 

Circle  the  number  on  the  READER  SERVICE 
post  card  at  the  right  that  corresponds  to  the 
number  at  the  bottom  of  Advertisement,  New 
Product  item,  or  the  Literature  of  the  Week 
selection  in  which  you  are  interested. 

Please  print  clearly.  All  written  information  must 
be  legible  in  order  to  be  efficiently  processed. 

ALL  FOREIGN  INQUIRIES  that  cannot  reach 
electronics  before  the  expiration  dates  noted  on 
the  Reader  Service  Post  card,  must  be  mailed 
directly  to  the  manufacturer. 

Correct  amount  of  postage  must  be  affixed  for  all 
foreign  mailings. 

TO  SUBSCRIBE  TO  OR  TO  RENEW  electronics  - 
Fill  in  the  “For  Subscriptions"  area  on  the  card 
if  you  desire  to  subscribe  to  or  renew  your  present 
subscription  to  electronics.  Send  no  money, 
electronics  will  bill  you  at  the  address  indicated 
on  the  Reader  Service  post  card. 

MULTI  PRODUCT  ADVERTISEMENTS  -  For 

information  on  specific  items  in  multi-product 
advertisements  which  do  not  have  a  specific 
Reader  Service  number  indicated  write  directly  to 
manufacturer  for  information  on  precise 
product  in  which  you  are  interested. 


rsssssilsssececsiciebees 
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THE 

ELECTRONICS 
MAN . . . 

A  SPECIAL 
BREED 

In  most  industries  the  manage¬ 
ment  man  went  to  business  school 
and  doesn’t  concern  himself  with 
design  problems. 

In  most  industries  the  design  en¬ 
gineer  doesn’t  concern  himself  with 
management  problems. 

The  electronics  man  is  different. 

He  is  many  things.  He  is  in  Re¬ 
search  -  Design  -  Production  -  Manage¬ 
ment.  His  interests  are  in  any  or  all 
of  the  four  areas. 

No  matter  where  you  find  the  elec¬ 
tronics  man  his  engineering  back¬ 
ground  enables  him  to  influence  the 
purchase  of  electronic  components 
and  equipment.  Your  advertising 
must  reach  him  if  you  are  to  sell 
electronic  goods. 

This  is  the  strength  of  electronics, 
the  one  magazine  published  weekly 
and  edited  to  reach  this  engineering 
oriented  electronics  man,  wherever 
he  is. 

THE  ELECTRONICS  MAN 

"BUYS"  WHAT  HE  READS  IN  . .  . 

electronics 

and  in  the 

•l•ctronles  BUYERS'  GUIDE 

A  MeORAW-HILL  PUBLICATION 

330  W*st  42n<l  St.,  N.V.  36.  N.V. 


i 


db  at  ±25  percent  bandwidth  and 
40  db  at  0.58  and  1.75  times  the 
center  frequency.  Sizes  available 
are  ii  by  lA  by  2  in,  high  and  i 
by  I  by  li  in,  high.  Applicable  MIL 
spec,  MIL-F-18327  and  MIL-T-27A. 
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Precision  Switches 

HEAVY-DUTY 


UNIMAX  SWITCH  DIVISION,  The  W.  L. 
Maxson  Corp.,  Ives  Road,  Walling¬ 
ford,  Conn,  Available  in  basic 
form,  with  a  wide  variety  of  leaf, 
hinged-lever,  and  plunger  actuators, 
and  with  solder-lug,  screw  type,  or 
snap-on  terminals,  the  new  2HL 
series  of  precision  snap-acting 
.switches  is  built  to  meet  hard-serv¬ 
ice  performance  requirements. 
They  are  listed  by  UL,  Inc.  for  spdt 
operation  at  2  h-p  250  v  a-c,  1  h-p 
125  V  a-c,  20  amperes  125  v  a-c.  The 
basic  2HL-1  switch  is  H  in.  wide, 
lA  in  long,  and  II  in.  high;  mount¬ 
ing  holes  are  on  1-in.  centers. 
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Miniature  Filters 

EPOXY  ENCAPSULATED 


DATAFILTEE  CORP.,  5921  Noble  Ave., 
Van  Nuys,  Calif.,  announces  a  new 
subminiature  line  of  band  pass 
filters  for  incorporation  in  tran¬ 
sistorized  subminiature  telemeter¬ 
ing  oscillators.  Units  range  in  vol¬ 
ume  from  0.125  cu  in.  for  the  upper 
IRIG  channels  to  0.625  cu  in.  for 
the  lowest  channels.  In  spite  of 
their  small  size,  these  filters  equal 
or  exceed  the  performance  of  previ¬ 
ously  available  larger  units  for  this 
application.  Each  filter  is  epoxy 


lERC 

TRANSISTOR 

HEAT 

DISSIPATOR 


m 


actual  size 


accepts  .305  to  .335  variations  in  TO-5  cases! 


lERC  Transistor  Heat-dissipating  Retainer: 
readily  accommodate  diameter  variations  up 
to  .030"  found  in  TO-5,  TO-9.  TO-11,  TO-39 
transistor  cases.  This  single  lERC  part  saves 
you  time  and  costs  in  specifying,  stocking 
and  application. 

lERC’s  exclusive  design  features  maximum 
thermal  contact  with  transistor  case  for  effi¬ 
cient  transfer  of  heat  to  the  dissipator  and 
heat  sink.  Attaching  methods  suitable  for 
printed  circuit  boards,  chassis  and  heat  sinks 
provide  thermal  benefits  and  retention  in 
extreme  shock  and  vibration  environments. 

Installation  is  a  smooth,  tension  fit — elimi¬ 
nating  the  possibility  of  "snap-fit”  impact 
injuries  to  the  transistor! 


■tt— i- 

1.  RIVn  SCREW 


Simplified  installation  for  effective  heat  dissipation  with  lERC  Tran¬ 
sistor  Heat  Dissipators  are  illustrated:  1.  Parts  available  in  rivet  or 
screw  attaching  types.  2.  Single  or  multiple  mounting  on  heat  sink 
angle.  3.  Back-to-back  mounting. 


Detailed  information,  performance  graphs,  etc.  are  available  in 
latest  lERC  Technical  Bulletin.  Write  for  a  copy  today! 


CE)  0  ^  0  S  0  CE>  [?50 


INTERNATIONAL  ELECTRONIC  RESEARCH  CORPORATION 
135  West  Magnolia  Boulevard,  Burbank,  California 

fortitn  Manufacturtrt:  Eurepalac,  Paris,  Francs.  Garrard  Mf(.  S  En|.  Cn..  Ltd..  Swindon.  England. 
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encapsulated  and  provided  with 
leads  for  standard  etched  circuitry 
mounting.  A  set  or  partial  set  can 
be  ordered  as  a  single  package  when 
required  by  a  customer. 
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Gertsch  Ratio  Standards  1000  Series 

NBS  Certified  AC 
ratio  accuracy  to  0.0001% 

-certification  provided  in  terms 
of  a  Gertsch  standard  traceable 
to  the  National  Bureau  of  Standards 

Three  basic  ratio  sections  are  available;  high  frequency  AC,  low 
frequency  AC,  and  DC,  supplied  in  a  variety  of  combinations. 

You  can  obtain  maximum  AC  ratios  up  to  1.111111,  or  minimum 
down  to  —.mill.  AC  sections  feature  transient  suppression,  6-  or 
7-place  resolution,  and  terminal  linearity  of  .0001%. 

DC  sections  employ  a  Kelvin- Varley  resistive  divider  with  6-place 
resolution  and  terminal  linearity  of  .001%.  All  units  available  for 
case  or  rack  mounting.  Request  Bulletin  1000. 

If  you  require  NBS  traceability  on  your  present  RatioTran*^,  we  will 
calibrate  your  unit  and  supply  certification,  for  a  nominal  charge. 

^Gertsch — 

GERTSCH  PRODUCTS.  Inc. 

3211  S.  La  Cienega  Blvd.,  Los  Angeles  16,  Calif.  •  UPton  0-2761  •  VErmont  9-2201 
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Dual  Power  Supply 
BALANCED  REFERENCE 

POWER-TRONIC  SYSTEMS  INC.,  Pine 
Court,  New  Rochelle,  N.  Y.  Model 
4010  dual  power  supply  delivers  a 
balanced  -flO  and  —10  v  d-c  refer¬ 
ence  at  10  ma  from  a  115  v  400  cps 
supply.  The  output  ripple  is  less 
than  2  mv  rms  at  the  rated  output 
load.  The  output  voltage  varies  less 
than  0.1  percent  for  load  variations 
between  1  ma  and  10  ma  or  line 
variations  between  120  v  and  110 

electronics 


Voltage  Standard 

SOLID-STATE 

VIKING  INDUSTRIES,  INC.,  21343 
Roscoe  Blvd.,  Canoga  Park,  Calif. 
This  solid-state  voltage  reference 
standard  series  200/210  features 
temperature  coefficient  of  better 
than  ±0.001  percent/deg  C  over  a 
range  of  —25  C  to  -f75  C.  The.se 
units  operate  directly  on  a  115  v, 
60  cps  and  deliver  10  ma  into  load. 
Regulation  is  ±0.001  percent  of 
output  voltage  for  ±10  percent  line 
variation.  Output  voltage  of  5.7, 
8.5  and  10.5  v  d-c  are  available. 
Aged  and  selected  Zener  reference 
used  throughout.  Price  ranges  $100 
to  $129. 

CIRCLE  321  ON  READER  SERVICE  CARD 


i 


DrN4S£ffr1 


■  Another  reason . . . 

the  world  becomes  smaller 


Increase 
Hourly  Output 
up  to  10  Times  Over 


from  the 

SAME  TERMINALS! 


MODEL  4005  is  ■  40  volt, 
500  ma,  regolated  DC 
power  supply  incorpo¬ 
rating  AMBITROL,*  a 
transistorized  regulator 
permitting  continuous 
control  of  voltage  or  cur¬ 
rent  to  .05%  with  adjutt- 
able  automatic  electronic 
crossover  to  either  voltage 
or  current  regulation. 


Otbtr  Modsls 
ArmUtl* 
Writs  For 
Cstslct 


I  1700  SHAMES  DIIVE 

'  WESTBURY,  NEW  YORK 

EDpawoed  3>6300  (10  Area  Ce«le  5161 
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If  you  Insert  only  a  few  hundred  com¬ 
ponents  a  week,  Dynasert  component 
inserting  machines  should  be  consid¬ 
ered.  Big  or  small  boards,  long  or  short 
runs,  Oynasert  handles  all. 
Automatically  feeds,  trims,  bends  leads, 
inserts  component,  and  clinches  with 
uniform  results.  Little  operator  train¬ 
ing.  Highly  engineered  single  or  multi¬ 
stage  production  machines  available. 
Write  for  descriptive  12  page  booklet. 


UNITED  SHOE  RRACHINERV  CORPORATION 

140  Federsl  Street  Boslea.  Mast. 
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Troposcatter  network,  providing  multi-channel  Telephone,  Teleprinter,  and  Data 
Transmission,  linking  England,  Spain  and  North  Africa  is  being  designed 
and  built  for  the  Air  Force 
by 

COMMUNICATIONS 

r  CIm  Vr  ENGINEERS,  INC. 

Subsidiary  of  Northrop  Corporation 

2001  WISCONSIN  AVENUE,  N.W..  WASHINGTON  7,  D.C. 


BULLETIN  5-1159  . 

contains  typical  specifications  Cjnd 
characteristics.  Write  for  your  copy. 


REEVES-HOFFMAN 

DIVISION  OF  DYNAMICS  CORPORATION  OF  AMERICA 
CARLISLE,  PENNSYLVANIA 
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NEW  KEARFOn  DIGISTROBE*  DISPUY 


Kearfott’s  new,  highly  compact  Digistrobe  digital  display 
utilizes  the  stroboscopic  principle  to  produce  an  exceptionally 
high-definition  readout  in  the  actual  size  shown  here. 

Through  the  use  of  a  unique  shutter  arrangement,  a  single 
diode-encoding  matrix  is  shared  by  all  columns  (5  in  the  standard 
model),  resulting  in  substantial  savings  in  electronic  components 
and  circuitry.  The  fast  response  time  of  the  Digistrobe 
( 56  milliseconds  transition  from  one  five-digit  quantity  to  a  totally 
different  one)  permits  a  single  unit  to  sample  several  different  inputs 
on  command  through  an  input  selector  switch.  Up  to  15 
individual  displays  of  existing  types  can  thus  be  replaced 
by  a  single  Kearfott  Digistrobe! 


Incorporating  only  two  moving  parts  and  exclusively  solid-state 
switching  circuitry,  the  Digistrobe  has  extremely  long  life  expectancy 
and  requires  minimum  maintenance  and  service.  Operation 
is  directly  from  the  output  register  of  a  computer,  counter  or 
allied  equipment,  eliminating  the  cost  of  intervening  circuitry. 

Two  years  of  extensive  laboratory  tests  assure  compliance 
with  Kearfott’s  rigid  standards  of  quality.  For  complete  data 
and  specifications,  write  for  Digistrobe  bulletin. 

'Kearfott  Trademark 


KEARFKyiT  DIVISION 
GENERAL  PRECISION,  INC. 


Little  Falls,  New  Jersey 


V.  The  output  voltages  track  each 
other  in  magnitude  within  1  mv  for 
5  percent  variations  in  input  volt¬ 
age  and  1  percent  variation  in  input 
frequency.  The  supply  occupies  a 
volume  4  in.  by  5  in.  by  7  in.  and 
weighs  6  lb. 
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Digital  Telemeter 

COMPACT  UNIT 


APPLIED  ELECTRONICS  CORP.  OF  NEW 
JER.SEY,  22  Center  St.,  Metuchen. 
N.  J.,  has  produced  a  high  speed 
solid  state  pem  multicoder,  .said  to 
be  one-fifth  the  size  of  existing 
equipment.  The  MCH  series  multi¬ 
coders  are  solid  .state  digital  com¬ 
mutator  coders  capable  of  accepting 
data  in  three  forms;  time  multi¬ 
plexed  analogs  and  digital  data, 
both  serial  and  parallel.  This  com¬ 
pact,  minimum  weight,  product  is 
characterized  by  a  high  degree  of 
reliability,  low  power  consumption, 
and  is  compatible  with  the  wide 
range  of  environmental  conditions 
met  in  missile  applications-systems 
accuracy:  an  honest  tenth  of  1  per¬ 
cent  from  input  to  coded  output. 
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Ceramic  Capacitors 

SUBMINIATURE 

MUCON  CORP.,  9  St.  Francis  St., 
Newark  5,  N.  .1.  Narrow-Caps  sub¬ 
miniature  ceramic  capacitors, 
stocked  in  19  capacitance  values, 
are  designed  for  use  in  modular 
spacing  as  small  as  0.100  in.  Part 
NC-01  has  capacitance  of  0.01  #tf  ± 
30  percent,  and  is  0.095  in.  wide 
max,  by  0.095  in.  thick  max,  by 
ill  in.  long  max.  Narrow-Caps  from 
5/i/xf  through  750  mmF  are  \  in.  long 
max,  and  those  from  1,000  ^/if 
through  0.01  fii  are  ili  in.  long  max. 
Thickness  and  width  are  0.095  in. 
max. 
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•  Ample  stocks  ofover  1000  differ- 


Mui^i 


ent  parts  permit  prompt  delivery. 

0  Malco  specializes  in  a  complete 
line  of  small  stampings  for  Radio* 
TV,  elect  rical/electronic  and  auto¬ 
motive  industries. 

•  Our  line  includes  terminals  and 
printed  circuit  hardware  in  loose 
or  in  chain  form  for  automatic 
insertion. 

Let  Malco  show  you  how  you  can  save 
on  production  time  and  costs.  Contact 
ut  today. 


REQUEST 

BULLETIN 


lUFACTUKIWO  COMPANY 


*k 


7,500  mile  Pacific  Scatter  Communication  System  linking  major 
command  posts  from  Hawaii  to  Formosa  was  recently  designed  and 
built  for  the  U.  S.  Army  Signal  Corps 


page 
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IS  YOUR 

BEST  SOURCE 

FOR 

SOLDERING  LUGS 
TERMI  N  ALS 
PRINTED  CIRCUIT 
HARDWARE 


HERB'S  WHY: 

0  Specialized  high  production 
techniques  afford  lowest  possible 
unit  cost. 

G  Precision  tooling,  rigid  quality 
control  assure  tolerances  to  critical 
specifications. 


OLV 


R 


/ 

>N>- 

VERNITRON  .05%  ACCURACY  PRECISION  RESOLVERS 
DELIVERED  ON  REGULAR  .  • 

PRODUCTION  BASIS  / 

All  SIZE$-8  through  23  ^ 

All  ^STANDARD  TYPES — Computing.  Doto  Tram-  ^  If  ' 

mitsion.  Phoso  Shiftors  ond  Swoop  .  ,  ....  7 

AIL  ENGINEERED  A  MANUFACTURED  TO: 

MII.R.14346 

AVAILABLE  WITH 
Thru-Boro  Dotign 

e  High  Roliobility  Exclutivo  Brush  Block 

e  Sloinloss  Stool  housings,  shaft,  boorings  ^ 

e  High  voltago  capobilitios  bctwoon  stator  and 
compensator  windings  (on  foodback  units) 

A  major  brook. through,  modo  possiblo  by  VERNITRON 

spocialiiation  in  procision  synchro  and  rosolvor  dosign  \  WRITE,  WIRE. 

1  and  manufocturo.  J  PHOSE  NO  IT  for 

■■■I  ^  I  complete  price,  de- 

I  Utery  and  specipca- 

/Zll/IuO'u.'wu-  "■»» 

— -f-i-m-brrhr'"  I  SEW  Vemilrom 

I  Condensed  Catalog 


TMC  OUALITV  NAME  IN  eRECieiON  SENVO  COMPONENT*  | 

129  BN  Coootry  RB..  Cirl,  Plato.  N.  V.— Ploottr  1-4130  •  TWX:  6-CY-BY-1147  | 

Wtst  Coast  Plaat:  1742  t.  Crtoskaw  BltA,  Ttrraact.  Cal.— FAirfax  8-2304  •  TWX:  TNC-4301  I 
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Another  reason... 

the  world  becomes  smaller 
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Literature  of 

FABRICATED  CASES  Sexton 
Can  Co.,  Inc.,  31  Cross  St.,  Everett, 
Mass.  Fabricated  cases  and  seam¬ 
less  drawn  shells  are  illustrated  and 
described  in  the  4-page  bulletin 
No.  2. 
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PLUG-IN  UNITS  FOR  SCOPES 
Tektronix,  Inc.,  P.  O.  Box  500, 
Beaverton,  Ore.  A  colorful  32-page 
booklet  gives  a  detailed  presenta¬ 
tion  of  all  16  presently  available 
Tektronix  “A-to-Z”  plug-in  units. 
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TRAFFIC  OPERATION  PUNCH 
Fischer  &  Porter  Co.,  703  Jackson¬ 
ville  Road,  Warminster,  Pa.  A  four- 
page  catalog  describes  a  new  traffic 
recorder  and  data  handling  equip¬ 
ment  designed  to  automatically 
transfer  traffic  data  into  punched- 
card  information  for  automatic 
entry  into  computers  for  traffic 
surveys. 
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STAND-OFF  INSULATORS 
Thor  Ceramics,  Inc.,  225  Belleville 
Ave.,  Bloomfield,  N.  J.  Bulletin  155 
covers  a  standard  line  of  stand-off 
insulators  (to  JAN-I-10)  normally 
available  from  stock.  It  shows  speci¬ 
fications  and  prices. 
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CAPACITORS  John  E.  Fast  & 
Co.,  3958  N.  Elston  Ave.,  Chicago 
18,  Ill.  A  bulletin  on  high  reliability 
capacitors  that  comply  with  the 
new  MIL-C-14157B  .specification, 
embodying  extended  reliability  and 
physical  requirements,  was  recently 
issued. 
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SWEEPING  POWER  SUPPLY 
Alfred  Electronics,  897  Commercial 
St.,  Palo  Alto,  Calif.  A  two-page 
bulletin  illustrates  and  describes 
model  61 OC  sweeping  power  supply, 
a  versatile  general  purpose  power 
.source  for  either  .swept  or  single 
frequency  operation  of  voltage 
tunable  magnetrons. 
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SERVO  MOTOR  John  Oster  Mfg. 
Co.,  Racine,  Wise.,  has  issued  a  tech¬ 
nical  data  sheet  on  its  type  E  131A, 


IIMIUI 


The  Model  230 


•  Automatic  Testing  by  Tape  Control 

•  Search  and  Fauit  Print-Out 

•  Capacity  up  to  9600  Wires 

•  Each  Leakage  Circuit  Tested  to  All  Others 

•  lOOX  Branch  Testing  Capabiiities 


CTI  has  scored  another  successful  breakthrough  in  the  chal¬ 
lenging  problem  of  cable  harnt 'S  testing  .  .  .  with  the  Model 
230  Tape-Programmed  Cable  Harness  Analyzer.  This  is  the 
most  flexible  testing  unit  yet  designed  for  programming  and 
performing  accurate  tests  on  cable  harnesses.  Operation  is 
fully  automatic  and  unattended.  Simultaneous  programmable 
continuity  and  leakage,  meastemments  go/no-go  pre¬ 
cision  bridge  tests  assure  ac€urat^cnatysi$.t  Any  combination 
of  bronch  or  standard  cirduite  edn  be  selected.  A  unique 
"Search-Out"  feature  provides  a  printed  record  of  test  failures 
and  the  actual  location  of  oil  circuits  ossociated  with  each 
failure.  Test  circuit  capacity  of  up  to  9600  wires  is  available 
in  600  wire  switch  unit  increments.  Engineering  changes  in  the 
cable  harness  under  test  are  quickly  handled  by  paper  tape 
programming.  Programming  costs  are  minimized.  The  CTI 
Tape-Programmed  Cable  Harness  Analyzer  enhances  com¬ 
petitive  position  by  speeding  testing  operations  and  by  assur¬ 
ing  the  quality  of  products. 

Write  for  full  information 


DIVISION  OF  TEXTRON  INC. 
BELMONT  5,  CALIFORNIA 

Foremost  in  Automatic  Testing 
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the  Week 

size  15  precision  high  temperature 
low  inertia  servo  motor  which  meets 
military  environmental  specifica¬ 
tions. 
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SYNCHROS  AND  RESOLVERS 
Vernitron  Corp.,  125  Old  Country 
Road,  Carie  Place,  L.  I.,  N.  Y.  De¬ 
signed  to  save  time  and  simplify 
selection  of  precision  control  and 
torque  synchros  and  resolvers,  a 
new  4-page  condensed  catalog  lists 
over  100  standard  MIL-S  and  high 
accuracy  units  now  available  for 
immediate  delivery. 
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WATER  COOLED  BAFFLES 
Vacuum-Electronics  Corp.,  Termi¬ 
nal  Drive,  Plainview,  N.  Y.  Water- 
cooled  baffles  for  use  in  high 
vacuum  sy.stems  are  described  in  a 
recent  bulletin  now  available. 
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TRANSISTOR  SPECIFICATIONS 
Sperry  Semiconductor  Division, 
Sperry  Rand  Corp.,  Norwalk,  Conn., 
has  available  a  specifications  sheet 
covering  the  types  2N1118,  2N- 
1118A  and  2N1119  pnp  alloy  junc¬ 
tion  transistors. 
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RADAR  PULSE  MODULATOR 
Magnetic  Research  Corp.,  3160  W. 
El  Segundo  Blvd.,  Hawthorne, 
Calif.,  has  released  a  new  engineer¬ 
ing  data  sheet  covering  details  of 
MRC  solid-state  radar  pulse  modu¬ 
lator  model  30-116-1  designed  for 
shipboard  use. 
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AUTOGRAPHIC  PLOTTERS 
Gilmore  Industries,  Inc.,  13015 
Woodland  Ave.,  Cleveland  20,  Ohio, 
is  offering  a  new  brochure,  bulletin 
PG-100,  on  its  complete  line  of 
multi-record  autographic  plotters. 
CIRCLE  341  ON  READER  SERVICE  CARD 

PRECISION  COOLING  EQUIP¬ 
MENT  IMC  Magnetics  Corp.,  570 
Main  St„  Westbury,  L.  L,  N.  Y., 
has  published  a  new  condensed 
eight-page  catalog  titled  “Blowers, 
Fans,  &  Vaneaxials.”  Copies  can  be 
obtained  by  writing  on  company 
letterhead. 


Another  reason . . . 

the  world  becomes  smaller 


STANDING 

WAVE 

DETECTORS 

ixceptionally  accurate 


GRC  MOLDED  NYLON 
SCREW  INSULATORS 


Th*M  insulators  and  bushings  aro  do- 
signod  with  wido  flongos  —  largor 
than  th«  hood  six*  of  all  standard 
commorcial  scrows  so  that  thty  will 
completely  isolate  the  screw  from  its 
mounting  surface. 

AAolded  of  nylon  they  hove  a  low  dl' 
electric  constont,  relatively  high  di* 
electric  strength  .  .  .  resist  high  volt¬ 
ages  ot  commercial  frequencies  .  .  . 
ore  porticulorly  suited  for  screw 
insulotor  application,  where  high 
tensile  and  torque  requirements  coll 
for  rson-insuloting  Krews.  Naturolly 
elastic  ond  resilient,  they  con  olso  be 
used  as  light-load  bearings. 
Available  from  stock  in  V4'*  ond 
lengths  for  use  with  screw  sixes  No.  4 
thru  \W\ 


You  get  the  accuracy  that  results 
from  perfect  parallelism  between 
slot  and  waveguide  axis . . .  between 
probe  travel  and  waveguide  axis. 
Only  30  seconds  needed  to  equip  a 
D-B  slotted  line  to  measure  adja¬ 
cent  frequency  bands.  Range:  5.8 
KMC  to  140  KMC — covered  by  a 
minimum  of  units,  to  stretch  your 
budget.  Literature  on  request. 


Wrif  now  for  sompfos,  prfcot 
ond  now  GffC 

fottonor  Cotofog  nnii 


BONARDI 


ID^MORNATI 


CRIES  REPRODUCER  CORP.  ■■■■■ 

World'i  Forcmoif  frodunr  of  Small  Dio  Coffingi 
151  Baachwood  Av«.  •  Naw  Rochalla,  N.V. 
Phona;  NEw  Rochalla  3-R600 


710  SOUTH  ARROYO  PARKWAY  •  PASADENA,  CALIF. 
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Turkey  trot . . .  tropospheric  scatter  network  employing  fixed  and 
mobile  stations . . .  linking  eight  strategic  areas  through  Turkey 
with  more  than  99%  reliability  ...  is  being  designed  and 
built  for  the  U.  S.  Air  Force 
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PEOPLE  AND  PLANTS 


manufacturing  and  assembly  func¬ 
tions  has  begun  at  Richardson, 
Texas.  Completion  of  the  117,000- 
sq  ft,  one-story  building  is  due  in 
August,  1961.  It  will  complement  a 
$1.7-million  research  and  develop¬ 
ment  building  completed  in  1957. 


Paraplegics  Company  Moves 


Bell  and  Howell,  Western  Electric, 
Goss  Press  and  Motorola. 

Last  year’s  sales  totaled  slightly 
over  three-quarters  of  a  million  dol¬ 
lars.  With  this  new  plant,  the  com¬ 
pany  is  seeking  to  double  its  sales 
and  thus  provide  employment  for 
an  additional  100  physically-handi¬ 
capped  workers. 


PARAPLEGICS  MFG.  CO..  INC.,  has 
moved  its  offices  and  manufactur¬ 
ing  facilities  to  a  newly-completed, 
21,000-.sq-ft  plant  in  Bensenville, 


Sanders  Associates 
Advances  St.  Jean 


Under  construction  for  six 
months,  the  new  plant  provides 
more  space,  all  under  one  roof,  than 
was  available  in  three  plants  the 
company  has  been  operating. 

Construction  is  modern  face 
brick  and  steel,  planned  for  easy 
expansion  on  the  several-acre  tract 
that  has  been  purchased. 

Designed  to  meet  the  needs  of 
the  electronic,  electrical,  and  me¬ 
chanical  assembly  work  performed 
by  Paraplegics  Mfg.  Co.i  the  new 
plant  has  exceptional  provisions  for 
efficient  production  by  the  physi¬ 
cally-handicapped  workers.  Special 
wiring  ducts  for  fluorescent  light¬ 
ing  will  permit  rapid  adjustment 
of  lighting  from  10  to  70  foot- 
candles  at  any  point  in  the  plant. 
Year-round  air  conditioning  and 
acoustical  tiling  in  the  offices,  and 
gas  heating,  are  a  few  additional 
features. 

Special  considerations  incorpo¬ 
rated  for  the  physically-handi¬ 
capped  employees  include  ramps 
instead  of  stairs,  extra-wide  door¬ 
ways  to  facilitate  the  easy  passage 
of  wheelchairs,  and  special  guard 
rails.  Individually-engineered  tools, 
jigs  and  fixtures  are  available  to 
accommodate  each  worker  for  the 
type  of  job  performed. 

A  nine-year-old  concern.  Para¬ 
plegics  Mfg.  Co.,  Inc.,  fills  electrical, 
electronic  and  mechanical  subcon¬ 
tracts  from  more  than  100  com¬ 
panies,  including  Stewart-Warner, 


LLOYD  E.  ST.  JEAN,  chief  engineer 
in  the  equipment  design  depart¬ 
ment  of  Sanders  Associates,  Inc., 
Nashua,  N.  H.,  was  recently  named 
general  manager  of  the  company’s 
new  facility  recently  purchased  in 
Plainview,  L.  I.,  N.  Y. 

He  will  head  up  a  staff  of  engi¬ 
neers  which  is  expected  to  grow  to 
75  within  a  few  months,  and  a  total 
plant  complement  of  400-500  within 
a  year. 


Borg- Warner  Controls  i 

C.  M.  WOLFE  has  joined  Borg- 
Warner  Controls,  Santa  Ana,  Calif., 
as  head  of  transducer  engineering.  p 
A  specialist  in  instruments  and  de-  ^ 

vices,  he  will  supervise  transducer  II  4  .  • 
research  and  development  pro-  ^  \ 
grams. 

Wolfe  was  formerly  a  research  Stromberg-Carlson 
specialist  at  United  Electrody-  tt*  rr 
namics.  Hires  Krassner 


GEORGE  N.  KRASSNER  has  been 
appointed  product  manager  for 
astronautics  equipment  in  the  elec¬ 
tronics  division  of  Stromberg- 
Carlson,  Rochester,  N.  Y. 

He  comes  to  S-C  from  the  U.  S. 
Army  Signal  Research  and  De- 


Collins  Radio  Company 
Erecting  New  Plant 

CONSTRUCTION  of  a  $l,8-million 
plant  for  Collins  Radio  Company’s 


%  - 


1 


gATQNTQWN 


ONE  dual-vohage  line  regulator 
stabilizes  110  or  220  Y  ac  lines 


This  heavy-duty,  industrial  voltage  regu¬ 
lator  puts  an  end  to  line  voltage  fluctuations 
.  . .  whether  your  power  line  is  110  or  220  V. 
Switchover  to  either  line  voltage  is  made 
in  seconds.  Fail-safe  overvoltage  protection 
included. 

BRIEF  SPECIFICATIONS 
NOMINAL  INPUT:  IIS  or  230  V,  47  to  63  cps. 
OUTPUT  WITH  IIS  V  LINE;  AdjuitobU,  110- 
120  Y  d:  1%  at  6  KVA  IS  V  eorroction. 
(3  KVA  30  V  correction) 

OUTPUT  WITH  230  V  LINE;  Adjuttoblo.  210- 
220  V  ±  1%  at  6  KVA  ±  30  V  correction. 
DIMENSIONS; 

Wall  mounting  type;  17"  H  x  13V4"  W  x 
VA”  D,  approx. 

Rock  mounting  type;  8V'  H  x  19"  W  x 
13Vk"  D,  opprox. 


MINIATURE 
LIGHT-OPERATED  RELAY 
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has  no  moving  parts.  Useful  in  numerous 
circuit  applications  requiring  transient-free 
switchings  high  isolation  between  control  and 
signal  voltages,  and  low-power  control  voltages. 


TYPICAL  USES: 

Remote  potentiometers 

Noiseless  audio  switching 

Feedback  loop  and  AGC  circuits 

May  be  effectively  ganged  for  multi-pole  relay 

or  control  applications. 

Miniature  lamp  is  quickly  replaceable.  Com¬ 
pletely  wear-proof  and  non-mechanical,  cannot 
develop  contact  failures.  Clips  to  chassis,  only 
four  connections  to  solder. 


•  Coil  voltage ; 

up  to  250  V  AC  or  DC 

•  Contact  rating: 

1  to  3  poles,  6  amps.  max. 

•  Plug-in-type:  U"  x  Is"  x  2s" 

•  Solder  connection 

•  Faston  connection 

•  Screw  connection 


NOMINAL  SPECIFICATIONS 

Rmax— 20  megohms 
Rmin— 75  ohms 
Emax— 30  VDC  or  AC  peak 
Pmax— 75  mw. 

Control  Emax— 14  VDC 
Imax— 80  ma. 


investigate  this  versatile,  reliable  relay! 


ORGAN  COMPANY,  INC. 

the  most  respected  name  in  eleetfbnic  organs 

COMPONENTS  DIVISION 

DEPT.  2312,  MACUNGIE,  PA. 


Elektrotechnische  Fabrik  GmbH 
Malente/Holstein  WEST-GERMANY 
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velopment  Laboratory  at  Fort 
Monmouth,  N.  J.,  where  he  was 
chief  of  the  satellite  equipment  sec¬ 
tion,  Radio  Relay  Branch,  and  later 
chief  of  the  technical  staff,  Astro- 
Electronics  Division. 


performance 
meets 
or  exceeds 


MIL-C-26655-A 

specifications 


Raytheon  Advances 
Emidio  DeLollis 

NEWLY  APPOINTED  engineering  man¬ 
ager  of  Raytheon  Company’s  receiv¬ 
ing  tube  operations  in  Newton, 
Mass.,  is  Emidio  A.  DeLollis. 

Assistant  head  of  the  receiving 
tube  design  department  since  1957, 
he  joined  Raytheon  as  a  design  and 
development  engineer  in  1946. 

DeLollis  replaces  Niles  P.  Gowell, 
who  has  been  promoted  to  division 
engineering  manager  for  Ray¬ 
theon’s  industrial  components  di¬ 
vision. 


Solid  Tantalum,  Dry  Slug, 
electrolytic  capacitors  (Series  TD)  give 
unusual  stability  over  the  wide  tempera¬ 
ture  range  of  — 55°  to  -|-125°C.  Long 
operating  and  shelf  life,  low  dissipation 
factor  and  low  leakage  current.  Capaci¬ 
ties  from  1.0  to  330  microfarads. 
Voltage  range  from  6  to  35  WVDC. 
As  standard  procedure,  all  iei  capaci¬ 
tors  are  stabilized  for  250  hours. 


Eispoi  isaspoi 

is  a  high 
resolution  spot 
with 


CELCO  YOKES 


•  Ceicc)  YOKES 

keep  spots  Smallest 

•  Ceic®  YOKES 

keep  spots  TOUndest 

•  CekcYOKEr 

keep  spots  sharpest 


Series  TD,  Polar  type  capac¬ 
itors  owe  their  fine  performance  to 
sintered  tantalum  anodes,  solid  inorganic 
electrolytes  and  counter  electrodes 
bonded  into  hermetically  sealed  units. 
The  doubly  anchored  leads  and  shock- 
defying  construction  are  other  features 
you  can  rely  on. 


Applications:  computers,  transistor 
amplifiers,  data  processing  systems, 
and  other  electronic  equipment  demand¬ 
ing  the  utmost  in  reliability  and  space 
conservation.  Write  for  4-page  bulletin. 


Dresser  Electronics 
Appoints  Bond 

APPOINTMENT  of  Howard  A.  Bond 
as  vice  president  of  systems  and 
development  in  Dresser  Electronics, 
SIE  division,  Houston,  Texas,  has 
been  announced. 

Bond  has  been  serving  on  one 
of  the  panels  of  the  Scientific  Ad¬ 
visory  Board  of  the  National  Se¬ 
curity  Agency  and  as  an  advisor 
to  the  deputy  director  for  research 
and  development.  He  was  formerly 


International  Electronic  Industries,  Inc 
Box  9036- Y,  Nashville,  Tenn. 


Use  a  CELCO  DEFLECTION  YOKE  for 

your  high  resolution  applications. 

In  a  DISPLAY  SPOT’w^iall  Celcc! 


COMPANY 


Male  Pliit;  MANWAN,  N.  J.  DAsIs  7-1121 

•  PKific  Division  ■  Cucamonga.  Calif.  •  YUkon  2-2688 


where  reliability  replaces  probability 


i 
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“Telephone  Quality” 
Stromberg-Carlson 

RELAYS 


managrer  of  reconnaissance  systems 
at  Stromberg-Carlson. 


Belock  Instrument 
Picks  Donald  Herr 

HARRY  D.  BELOCK,  president  of  the 
Belock  Instrument  Corp.,  College 
Point,  N.  Y.,  recently  announced 
the  appointment  of  Donald  L.  Herr 
as  director  of  new  products  plan¬ 
ning  and  engineering. 

Herr  returns  to  the  East  coast 
after  a  decade  in  California  where 
he  was  senior  research  scientist  and 
technical  adviser  of  the  Hughes 
Aircraft  Co.,  president  and  founder 
of  American  Electronic  Mfg.  Inc. 
and  president  of  Mark  Instrument 
Co.,  Inc. 


By  V.  I.  TATARSKI 

The  Academy  of  Scieneea  of  the 
USSR 

Intestrat^s  theory  and  experimental 
results  In  the  treatment  of  phenom¬ 
ena  aKsnolaie<l  with  the  (iropattatlon 
of  eleotroniaitnetic  and  acoustic 
waves  throuKh  atmospheric  turbu¬ 
lence.  Covers  such  areas  as  theory 
of  random  fields  and  of  turbulence, 
scatterlntt.  and  parameter  fluctua¬ 
tions.  285  pp.,  45  IIIUH.,  <9.75 


DIGITAL  COMPUTER 
FUNDAMENTALS 

By  THOMAS  C.  BARTEE 

Maaaachuaetta  Inatitute  of 
Technology 

Hescribes  the  principles  of  electronic 
dlRital  computers:  shows  how.  when, 
and  where  they  may  be  used  most 
effectively:  and  explains  basic  tech¬ 
niques  of  proRrammlnR.  Includes  a 
survey  of  applications  In  research, 
science,  business,  and  real-time  con¬ 
trol  systems.  335  pp..  131  charts, 
tables,  and  Ulus.  fh.Ml 


. . .  featuring  new  high-voltage 
types  for  test  equipment  or  other 
high-voltage  applications. 

The  insulation  in  the  new  relays 
withstands  1500  volts  A.C. — three 
times  normal.  These  high-voltage 
models  are  available  in  T5fpe8  A, 
B  and  E.  They  are  the  latest  addi¬ 
tions  to  the  Stromberg-Carlson  line 
of  twin  contact  relays — all  avail¬ 
able  for  immediate  delivery. 

The  following  regular  types  are 
representative  of  our  complete  line: 

Type  A:  general-purpose  relay 
with  up  to  20  Form  "A”  spring  com¬ 
binations.  This  relay  is  excellent 
for  switching  operations. 

Type  B:  a  gang-type  relay  with 
up  to  60  Form  “A”  spring  com¬ 
binations. 

Type  BB:  relay  accommodates 
up  to  100  Form  “A”  springs. 

Type  C:  two  relays  on  the  same 
frame.  A  “must”  where  space  is  at 
a  premium. 

Type  E:  has  the  same  character¬ 
istics  as  the  Type  A  relay,  plus  uni¬ 
versal  mounting  arrangement.  In¬ 
terchangeable  with  many  other 
makes. 

Details  on  request.  In  Atlanta 
call  trinity  5-7467;  Chicago: 
state  2-4235;  Kansas  City:  HAr- 
RisoN  1-6618;  Rochester:  HUbbard 
2-2200;  San  Francisco:  OXford 
7-3630.  Or  write  to  Telecommuni¬ 
cation  Division,  114  Carlson  Road, 
Rochester  3,  New  York. 

STROMBERQ-CARI-SON 
GENERAL  DYNANIICS 


REACTOR  ANALYSIS 

UrMlern  analirtlcal  mtHhodn  for  doBCiibliiff  tbo 
nu<*i««r  beharior  of  reactorM  by  meaiiB  of  matli* 
ematlcal  models.  By  B.  Mofhrebliafi.  Cal.  last, 
•f  Tach.;  and  D.  Holrntt,  Oak  RIdta  Natlanal 
Ub.  832  pp..  202  ilittt..  $18.50 


Shank  Heads  Up 
New  Corporation 


DIGITAL  COMPUTER  AND 
CONTROL  ENGINEERING 

Explains  diirltai  computen  and  controli  from 
an  engineering  point  of  view.  By  91.  Ladlty, 
Tha  Gaarpa  Watbinttan  Univ.  835  PP..  396 
IIIUB..  62  tablet.  $14.50 


SH AFFORD  ELECTRONICS  &  DEVELOP¬ 
MENT  CORP.  is  a  new  company  re¬ 
cently  set  up  in  Santa  Monica, 
Calif.  President  and  chairman  Of 
the  board  is  Clifford  A.  Shank  who 
for  years  was  associated  with  the 
controls  and  air  data  successes  at 
the  AiResearch  Mfg.  Co. 

Shafford  will  engage  in  precision 
design  and  manufacture  of  com¬ 
mercial,  industrial  and  military 
servo  control  systems. 


SELF-SATURATING 
MAGNETIC  AMPLIFIERS 


A  fresh  engineering  Approach  to  nelf'tAturatlnff 
magnetic  amplifierp^prinripleti.  de^gn.  apirfi> 
cations.  By  6.  Lynn.  T.  Pula.  J.  RintPlman. 
and  F.  Timmtl.  Westingboute  Cloetrlc  Carp. 
232  pp.,  152  illut..  $8.00 


McGrow-HiM  %ook  Cn.,  Dapt. 

327  W.  41tt  St..  Naw  York  36,  N.  Y. 

Send  raa  b(K>k(B)  checked  below  for  10  di^ii’  exam¬ 
ination  on  approval.  In  10  days  1  will  remit  for 
booktBi  I  ke^.  plug  few  eents  for  delivery  cotiu. 
and  return  unwanted  book  (si  postpaid.  (We  pay 
delivery  ooets  if  you  remit  with  this  coupon — same 
rwum  privilfgp. ) 

RTatarskl — Wave  Prop.  In  a  Random  Mad..  $9.75 

Sltartee— Olfital  Computer  Fund  .  $6.^ 
Meghreblian  A  llolme<— 
l>e<l]e)— Oitltal  Computer  4  Cantrpl  Cnp., 

$14. 

□  L^im  et  al  -Setl-Saturatlnt  Magnetle  AmpllRers. 
$8.00 

(PRINT) 

Name  . 

Addresa  . 

City  . Zone _ State . 

Company  . . . . . 

rofdrion  . . . 

For  priet  and  terms  outside  U.  8. 
vrUe  MeOrase  Hitt  InVt,  S  Y.C. 


USI  Board  Elects 
Rockwood  President 

THE  BOARD  of  directors  of  the 
United  States  Instrument  Corp., 
Charlottesville,  Va.,  has  elected  Wil¬ 
liam  A.  Rockwood  as  president  of 
the  company.  The  "firm  manufac¬ 
tures  communication  equipment. 

Herbert  R.  Warnke,  a  founder  of 
the  company  and  president  since  it 
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was  organized  in  1937,  becomes 
chairman  of  the  board. 

Rockwood,  former  general  man¬ 
ager  for  operations  of  Stromberg- 
Carlson’s  telecommunication  di¬ 
vision,  has  had  19  years’  experience 
in  the  field  of  communication  equip¬ 
ment. 


Install 


i^ljATioNAi.  Molded  Activated 
Carbon  Getters 

in  your  sealed  electronic  relay. 

Here's  why: 

•  LARGE  CAPACITY  -  For  contaminants 
which  contribute  to  contact  point  failure. 

•  STRONG  -  Will  not  break  down  or  dust  even 
under  severe  mechanical  operating  conditions. 

•  MOLDED  -  Getter  can  be  formed  to  fit  your 
relay. 


'"Notional"  and  "Union  Corbido"  oro 
rogittofod  trodo-morkt  for  product*  of 

NATIONAL  CARBON  COMPANY 

Division  of  Union  Carbide  Corporation 
270  Pork  Avenue,  New  York  17,  New  York 


U.  S.  Time  Corp.  Hires 
Division  Director 


NORMAN  c.  ZATSKY  has  been  ap¬ 
pointed  director,  research  and  de¬ 
velopment  division,  U.S.  Time 
Corp.  at  Irvington-on-the-Hudson, 
N.Y. 

He  was  formerly  chief,  compo¬ 
nents  engineering.  Reeves  Instru¬ 
ment  Corp.,  Garden  City,  N.Y. 
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Sprague  Electric 
Elects  President 

ERNEST  L.  WARD  has  been  elected 
president  of  Sprague  Electric  Co., 
North  Adams,  Mass.  He  replaces 
the  late  .Julian  K.  Sprague. 

Ward  joined  the  company  in  1946 
as  a  vice  president.  He  was  elected 
to  the  board  of  directors  in  1947 
and,  in  1953,  was  appointed  execu- 
tice  vice  president  in  charge  of  all 
the  company’s  manufacturing  ac¬ 
tivities. 


Words  and  pictures  tell  you  about  the  top  new 
product  ideas  each  week  in  “On  the  Market", 
Who  makes  ’em  and  what  they’ll  do  for  you. 
Easy  way  to  keep  in  touch  with  the  latest 
and  best.  * 

Another  reason  why  it  will  pay  you  to  sub¬ 
scribe  to  eleetroniea  ( or  renew  your  subscrip¬ 
tion)  right  now.  Fill  in  the  box  on  Reader 
Service  Card.  Easy  to  use.  Postage  free. 


Portmann  Assumes 
New  Position 

PAGE  COMMUNICATIONS  ENGINEERS, 
INC.,  Washington,  D.  C.,  has  ap¬ 
pointed  Pierre  A.  Portmann  as 
senior  staff  engineer  in  its  research 
and  development  directorate. 

He  came  to  Page  from  the  elec¬ 
tronics  division  of  Westinghouse 
Electric  Co.  where  he  conducted  re¬ 
search  programs  for  the  develop¬ 
ment  of  system  concepts  capable  of 


SINGLE 


DOUBLE  •  TRIPLE 


For  CiMt  B 
Clast  F 
Clast  H 
oparation 


COTO-COIL  CO.,  INC.,  65  Pavilion  Avenue,  Providence  5,  R.  I. 


i 

r 
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yielding  improved  reliabilities  by 
integrating  concepts  in  the  fields  of 
information  theory,  propagation, 
and  signal  detection,  with  auto-  j 
matic  processing  and  display.  j 

Transis-Tronics,  Inc. 

Appoints  Alice 

RUSSELL  V.  ALLEE  has  been  named 
chief  engineer  of  Transis-Tronics, 
Inc.,  Santa  Monica  manufacturer  of 
solid  state  electronic  components. 

He  was  formerly  senior  engineer 
at  Hoffman  Electronics. 

WacLine  Announces 
Personnel  Changes 

WACLINE,  INC.,  Dayton,  O.,  an¬ 
nounces  several  internal  appoint¬ 
ments. 

Richard  G.  Swan.son  is  factory 
manager  of  the  panel  meters  di¬ 
vision,  and  Burdette  L.  Bailey  is 
factory  manager  of  the  special 
products  division. 

Melvin  L.  Hartman  becomes  chief 
electrical  engineer  and  Alvin  For¬ 
sythe,  chief  mechanical  engineer, 
.serving  both  divisions  under  the  di¬ 
rector  of  engineering.  Miles  E.  Goll. 

Except  for  engineering,  the  two 
divisions  will  operate  independ¬ 
ently,  and  expanded  activities  in 
1961  are  planned  for  both  groups. 


G.  H.  Hudson  Takes' 
Managerial  Post 

GEORGE  H.  HUDSON  has  recently  been 
appointed  manager  of  manufactur¬ 
ing  controls  at  Perkin  Electronics 
Corp.,  El  Segundo,  Calif. 

He  was  formerly  associated  with 
Topp  Industries  and  Inet,  Inc.,  in 
production  management. 

Perkin  manufactures  d-c  power 
supplies  and  a-c  line  regulators. 


Which  of  these 
Craig  skills  and 
services 
can  help  you  ? 

Systim  heusinf  —  light  weight,  high  strength 
aluminum  shelters,  vans  and  trailers. 

Systems  components  -  telescoping  antenna 
masts,  transit  cases,  cabinets,  equipment  racks. 

Systems  instaNation  sorvico  —  layout  and 
installation  of  transportable  systems,  through 
final  checkout. 

Systems  packaging  research  -  engineering  design 
and  development  for  ground  support  and 
electronic  equipment  protection. 

Complete  preductien  fxiities  —  to  handle  your 
complete  packaging  assignment 

A  unique  "alumlnum  chemical  research”  service  - 
engineering  "brainpower  pool"  for  solving 
virtually  any  problem  in  aluminum  and  foamed 
plastic  fabrication. 


WRITE  TODAY  FOR  CRAIG'S 
CAPABILITIES  BROCHURE 

fyutia 

SYSTEMS.  INC. 

O«ptF-IO,360  MtfrimKk  St, Lawrence. Mm. -Tel.  MUrdKk  8.$961 
Business  systems  end  equipment  are  anothef  Craig  specialty  thioulh 
leFebuie  Corporation,  Cedar  Rapids,  Iowa  —  a  Craig  subsidiary. 
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THE  BINOCULARS? 

With  everybody  watching  each  other 
along  the  DEW  line  and  the  Iron  Curtain 
these  days,  elertronic*  ha.s  replaced  bin¬ 
oculars. 

What’s  happening  in  the  giant  markets 
for  missile  controls,  radar  and  communi¬ 
cations  equipment? 

electronics  tells  how  things  are  going, 
keeps  you  informed  of  developments  as 
they  occur.  This  is  a  good  time  to  sub¬ 
scribe  or  renew  your  subscription.  Just 
fill  in  box  on  Reader  Service  Card.  Easy 
to  use.  Postage  free. 

FIND  WHAT 
YOU  NEED  IN... 

electronics 


reliability 

I  ...  based 
^  ^ i  on 

experience 


ultra-high 

precision 

capacitors 


Southern  Electrcnics  high-precision 
capacitors  are  demonstrating  their  preven 
reliability  today  in  twelve  different 
missiles,  analog  computers,  and  many  radar 
and  communications  applications. 

SEC  high-precision  capacitors  utilize 
polystyrene,  providing  .01%  tolerances,  and 
mylar  and  tenon  to  meet  .5% 
requirements.  They  show  excellent  stability 
characteristics  over  an  extended 
temperature  range,  and  tolerances  are 
unaffected  even  at  extreme  high  altitudes. 
The  unusual  accuracy,  stability  and 
reliability  of  SEC  capacitors  are  the  result  of 
engineering  experience  concentrated 
on  the  design  and  manufacture  of  precision 
capacitors  only,  plus  rigid  quality  control 
standards  subjecting  each  capacitor 
to  seven  inspections  during  manufacture, 
plus  final  inspection. 

Our  engineering  experience  enables  us  to 
meet  your  size  requirements,  while 
holding  to  exact  capacitance  and  tolerance* 
specifications. 


SEC  capacitors  are  manufactured  in  a 
wide  range  of  capacitance  to  meet  your 
needs  from  100  mmfd.  to  any  higher  value, 
and  meet  or  exceed  the  most  rigid  MIL-SPECS. 


Write  today  for  detailed  technical 
data  and  general  catalog. 


Pioneers  in  custom  precision 
capacitor  engineering 


SOUTHERN 


150  WEST  CYPRESS  AVENUE 
BURBANK,  CALIFORNIA 
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EMPLOYMENT  OPPORTUNITIES 


Electronic  Engineers 


for  assignments 

on  API’s 
satellite  program 


Research  •  Development 
Systems  Engineering 


You  will  find  association  with  APL  particularly  rewarding 
if  you  appreciate  an  atmosphere  conducive  to  original  think¬ 
ing,  and  if  you  are  capable  of  making  contributions  to 
advance  the  state-of-the-art. 


FIELD  SERVICE  ENGINEERS  (2S) 
SS.OOO  to  SIO.OOO 

BS  Dsgrea  detirable  but  not  mindnti^.  Rondort 
tochnieal  atilttaneo  In  reaolvint  problamt.  Tbrja 
yaan  axa.  with  eleetronle  hardware.  LiaiMn  with 
custeniare  an  eareica  and  maintananca.  Exeallant 
ofbortunity.  Faa  paid. 

Contact  Low  Musgravo 
MONARCH  PlRSONNll 
2»  Ea»t  Jackson  Blvd. _ Chicago  4.  Illlnolt 
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SECTION  HEAD 

Salary  $18,000  PER  YEAR 
Heavy  digital  circuitry  with  computer  application 
and  magnetic  core  axpariance.  Advanced  E.E. 
Degree  and  minimum  of  5  yeara  experience  in 
•uporvleing  engineers  and  technicians.  Company 
client  assumes  all  employment  exoense. 

ESQUIRE  PERSONNEL 

202  8.  State  St.  Chicago  4.  III. 
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ADDRESS  BOX  NO.  REPLIES  TO:  Bor  No. 
CIODtifled  Adv.  DIv.  of  fbis  puhtiratUm. 
Send  to  o/Rre  nearest  pon. 

NEW  YORK  Se:  P.  O.  Box  IS 

CHICAGO  It:  StI)  N.  Hlrhignn  Are. 
SAN  FRANCISCO  i:  «8  Poet  St. 


SEltfNG  OPPORTUNITY  AVAILABLC 


AEont  Roqulrod  to  cover  entire  U.S.A.  for 

the  sale  of  a  new  universal  wiring  board, 
meetinst  with  sreat  success  in  Europe.  For 
full  particulars  apply  RW-5744,  Electronics. 


SeiUNG  OPPORTUNITY  WANTED 


Afent,  with  suitable  connectiong,  available 

for  sales  and  service  of  Electronic  products. 
Write  John  Bisco,  349  High  Street.  Chelten¬ 
ham,  England. 


Satellite  Development  Group 

The  group  is  concerned  with  research  and  development  of 
satellite-borne  equipment,  which  will  be  capable  of  perform¬ 
ing  highly  complex  functions.  The  instruments  have  to 
operate  in  a  space  environment  on  exceedingly  low  power 
sources,  and  they  have  to  work  for  five  to  ten  years  without 
malfunction. 

Emphasis  is  on  conceptual  design  rather  than  hardware 
fabrication.  Engineers  will  work  without  close  supervision, 
will  enjoy  freedom  to  create  and  investigate,  and  do  not 
have  to  spend  much  time  writing  proposals.  BS  or  more  in 
physics  or  electronic  engineering  required.  Two.  or  more 
years  of  experience  in  transistor  switching  circuits  and  famili¬ 
arity  with  utilization  of  memory  and/or  logical  devices 
desired. 


Satellite  Ground  Systems  Group 

This  group  is  responsible  for  the  design  of  data  handling 
systems  for  use  in  shipboard  and  airborne  navigational  equip¬ 
ment,  and  for  ground  tracking  equipment.  Assignments 
involve  development  of  novel  and  highly  sophisticated  data 
processing  systems,  systems  coordination,  and  technical 
supervision  of  contractors. 

BS  or  more  in  physics  or  electronic  engineering  plus  four 
to  five  years  of  experience  in  data  processing  systems 
required. 


MANUFACTURERS' 

REPRESENTATIVES 

IN  THE  EUCTRONIC  INDUSTRY 


1  SAMUEL  K.  MACDONALD,  INC.  I 

manufacturert  represenlativet  ovRr  25  years  1 

1531  SPRUCE  STREET, 

PHIIA.  2,  PA. 

1  Ttfritory:  \ 

1  Olker  alffc;:  \ 

1  Penntylvonie  •  New  Jersey  I 

Pittiburgh  1 

1  Oelowore  •  Marylond 

[  Baltimore  | 

1  Virginio  •  West  Virginia 

1  DIstrief  of  Columbia  1 

1  Wathington,  O.C.  1 
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JOHN  LESSER  &  STAFF 

ENGINEERING — DESIGN — 
DEVELOPMENT— PRODUCTION 

For  Edge  Ught  Pxnrb  QiuUflrd  to  MIL-P-77g8A 
god  InstrunMntx  Illumlngted  To  MII,-L-25467A 

BODNAR  PRODUCTS  CORP. 

336  Huguonol  St..  Now  Rodiollo,  N.  Y.  N£  6-4664 


SEARCHLIGHT 

SECTION 

(Clffisified  Advertising)  i 
BUSINESS  OPPORTUNITIES 
EQUIPMENT  -  USED  or  RESALE 


For  details  about  these  career 
opportunities,  address  your  inquiry  to: 

Professional  Staff  Appointments 

The  Applied  Physics  Laboratory 
The  Johns  Hopkins  University 

8633  Goorgia  Avonuo,  Silver  Spring,  Md. 

(Suburb  of  Washington,  D.  C.) 
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telephone  $8,951 

;  :  Gov’t  surplus-faaory  tecondi- 

i  tioned.  Standard  p'Pe  with  coil 
^*^lw  '  cord,  complete  with  wire,  fully 

I  ruaranceeo.  Add  S2.00  if  plug 

is  required,  write  for  Hit.  SbipmenH  P.O.B. 

SURPLUS  SAVING  CENTER 
Waymort  Dopl.  E-130  Ponno. 
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CONTRACT  WORK  WANTED; 

Plastics  comprottion  molding  firm  dotiros 
contract  work.  Skilled  labor,  qimlity  produc¬ 
tion  of  compononts,  oxcollent  facilities,  modem 
plant.  Located  vicinity  Now  York  City.  Writo: 

CWW-SeSi.  Electronics 
Claoa.  Adv.  Dlv.,  P.O.  Box  12,  N.T.  88,  N.T. 
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Industrial  Instruments.  Inc . 

•International  Electronics  Industries, 
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International  Electronic  Research 
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ARMAG^PROTECTED 
DYNACOR* 
BOBBIN  CORES 
AT  NO  EXTRA  COSTI 


Johnson  Company,  E.  F, 


•Kester  Solder  Co. 
Kuhnke.  H . 


•Lambda  Electronics  Corp..  , 
•Lapp  Insulator  Co.,  Inc... 
Levin  and  Son,  Inc.,  Louis 


Tough-as-tortoise-shell  Armag  ar¬ 
mor  is  an  exclusive  Dynacor  de¬ 
velopment.  It  is  a  thin,  non-me- 
tallic  laminated  jacket  for  bobbin 
cores  that  replaces  the  defects  of 
nylon  materials  and  polyester 
tape  with  very  definite  advantages 
—and,  you  pay  no  premium  for 
Armag  extra  protection. 

Touph  Armag  is  suitable  for 
use  with  normal  encapsulation 
techniques  on  both  ceramic  and 
stainless  steel  bobbins.  It  with¬ 
stands  ISO^C  without  deteriora¬ 
tion— is  completely  compatible 
with  poured  potted  compounds— 
has  no  abrasive  effect  on  copper 
wire  during  winding— fabricates 
easily  to  close-tolerance  dimen¬ 
sions— inner  layer  is  compressible 
to  assure  tight  ht  on  bobbin— does 
not  shrink,  age  or  discolor. 

Write  for  Engineering  Bulletins 
DN  1500,  DN  lOOOA,  DN  1003 
for  complete  performance  and 
specification  data  covering  the 
wide  range  of  E>ynacor  low  cost 
Standard,  Special  and  Custom 
Bobbin  Cores— all  available  with 
Armag  non-metallic  armor. 
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California  Technical  Industries. 

•Celco-Constantine  Engineering 

Laboratories  . . 

•Cinch  Manufacturing  Company.  . 

•Clevite  Transistor.  A  Division  of 
Clevite  Corp . 

•Computer  Instruments  Corp...., 

Conant  Laboratories  . . 
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•Constantine  Engineering 
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Indiana  General  Corporation 

•General  Instrument  Co. 

Semiconductor  Div . . 

•General  Precision  Eqpt.  Corp. 
Kearfott  Div . 

Gertsch  Products . 

Gries  Reproducer  Corp . 


DYNACOR,  INC. 

A  SUBSIDIARY  OF  SPRAGUE  ELECTRIC  CO. 

1006  Wetlmero  Av,.  •  RMliviHe,  Maryland 


•  See  Advertisement  In  lha  July  20,  1960  itiwe 
of  Electronics  Boyers'  Gold,  for  complete  line  of 
products  or  services. 


December  16,  1960 


CIRCU  13S  ON  READER  SERVKE  CARD  135 


Weinschel  Engineerinic 
Weston  Instruments  .  . 
White  S.  S . 


Racal  EngineerinK  Etd .  107 

*Radio  Corporation  of  America.  .  4th  cover 

*Radio  Materials  Company .  101 

•Raytheon  Company  . 2nd  cover 

•Reeves-Hoffman  Division  of 
Dynamics  Corp.  of  America 


123  PROFESSIONAL  SERVICES 


111  MANUFACTURERS’  REPRESENTATIVES 

94  MacDonald  Inc.,  Samuel  K .  134 

133 


Sarkes  Tarzian  Inc . 

Sealectro  Corp . 

•Southern  Electronics  Corp.  .  .  . 
Spectrol  Eiectronics  Corporation 

Speer  Carbon  Co . 

Sprairue  Electric  Co . 

St.  Regis  Paper  Co . 

Stackpole  Carbon  Co . . 

Stromberg-Carlson  . 

•Sylvania  Electric  Products,  Inc. 

Electronic  Tube  Division.... 


CLASSIFIED  ADVERTISING 
F.  J.  Eberle,  Business  Mgr. 


Model  RB-S04 
Bench  mount 


EMPLOYMENT  OPPORTUNITIES...  134 


SPECIAL  SERVICES 
Contract  Work  . 


Taylor  Fibre  Co . .  .  . 

Tektronix.  Inc . 

Tensor  Electric  Development 
Inc . 
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Semiconductor  Components 
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With  any  of  North  Atlantic’s 
RB500  Ratio  Boxes  you  can  now 
measure  voltage  ratios  about  zero 
and  unity— without  disrupting  test 
set-ups. 

And— a  complete  range  of  models 
from  low  cost  high-precision  types 
to  ultra-accurate  ratio  standards 

—  in  portable,  bench,  rack  mount, 
binary  and  automatic  stepping 
designs  — lets  you  match  the 
model  to  the  job. 

For  example,  characteristics  cov¬ 
ered  by  the  RB500  Series  include; 

Frequency:  25  cps  to  10  kc. 
Accuracy:  10  ppm  to  1.0  ppm 
Input  voltage:  0.35f  to  2.5f 
Input  impedance:  60  k  to 
1  megohm 

Effective  series  impedance: 

7.5  ohms  to  0.5  ohms 
Long  life,  heavy  duty  switches 

Name  your  ratio  measurement 
and  its  probable  there's  a  North 
Atlantic  Ratio  Box  to  meet  them 

—  precisely.  Write  for  complete 
data  in  Bulletin  1 1 U. 


Thl>  indn  and  o«ir  Raader  Service  Numbers  are  pub- 
listed  as  a  service.  Every  precaution  is  taken  to  make 
them  accurate,  but  ELECTRONICS  asumes  no  re- 
sponsibilitles  for  errors  or  omissions. 


*  See  Advertisemonl  In  the  July  20,  1960  issue 
of  Eloctronics  Buyers'  Guido  for  completo  line  of 
products  or  services. 


Audit  Bureau 
of  Clrruletlone 


Audited  Paid  Circulation 


BRUCE  A.  WINNER, 
Advertising  Solos  Manager 


J.  Patten;  ATLANTA  M.  Miller;  DALLAS  Robert 
T.  Wood;  LONDON  Edward  E.  Schirmer; 
FRANKFURT  Stanley  R.  Kimes;  GENEVA 
Michael  R.  Zeyncl. 


R.  S.  QUINT,  Assistant  Advertising  Soles  AAon- 
oger  and  Buyers'  Guide  Manager;  FRED 
STEWART,  Promotion  AAanoger;  RICHARD  J. 
TOMLINSON,  Production  Manager;  GEORGE 
E.  POMEROY,  Classified  Manager;  HUGH  J. 
QUINN,  Circulation  Manager. 


Also  from  North  Atlantic 
...a  complete  line  of 
complex  voltage  ratio- 
meters. ..ratio  test  sets... 
phase  angle  voltmeters 


BRANCH  OFFICES:  Notional  Press  Bldg.,  Wash¬ 
ington  4,  D.C.;  McGraw-Hill  Bldg.,  Copley 
Square,  Boston  16;  Four  Gateway  Center, 
Pittsburgh  22;  Six  Penn  Center  Plaza,  Phila¬ 
delphia  3;  S20  North  Michigan  Avenue,  Chicago 
11;  55  Public  Square,  Cleveland  13;  68  Post 
Street,  San  Francisco  4;  1125  West  Sixth  St., 
Lot  Angeles  17;  1740  Broadway,  Denver  2;  1301 
Rhodes-Hoverty  Bldg.,  Atlanta  3;  901  Vaughn 
Bldg.,  Dallas  1;  McGraw-Hill  House,  London 
E.C.4;  85  Westendstrosse;  Frankfurt/Main;  2 
Ptoce  de  Port,  Geneva. 


ADVERTISING  REPRESENTATIVES:  NEW  YORK 
Donald  H.  Miller,  Henry  M.  Shaw,  George  F. 
Werner;  BOSTON  William  S.  Hodgkinton, 
Donald  R.  Furth;  PinSBURGH  David  M. 
Watson;  PHILADELPHIA  Warren  H.  Gardner, 
William  J.  Boyle;  CHICAGO  Horvey  W. 
Wernecke,  AAartin  J.  Golloy;  CLEVELAND 
P.  T.  Fegley;  SAN  FRANCISCO  T.  H.  Carmody, 
R.  C.  Alcorn;  LOS  ANGELES  Carl  W.  Dytinger, 
D.  A.  McMillan,  Marshall  Freeman;  DENVER 


ATIaANTIC 
indmUriM,  me. 

Terminal  Drive,  Flafnvimt,  1. 1,,  N.  Y. 
OVerbreek  l-aaiK) 


136  CIRCLE  136  ON  READER  SERVICE  CARD 


IN  THE  MICROWAVE  FIELD 


Microwave  Dynamics  Corporation  is  achieving  new  standards  of  reliability  through  imaginative  . use  of 
advanced  concepts  and  techniques  in;  ^  ^ 

1  ■  .  * 

MICROWAVE  CoffiffHWJitA ...  leAt  E(^ulpntjpM  ‘ 


i 


i  > 


i 


ANOTHER  EXAMPLE  of  creative  engineering  by  Microwave 
Dynamics  Corporation  .  . .  the  advanced  Microwave  Power 
Supply,  Model  500  .  . .  the  FIRST  microwave  power  supply 
permitting  integration  into  the  measurement  system. 


•  Integral  dc  oscilloscope  with  sweep  functions  derived 
from  internal  modulator. 

•  Flexible  operation  with  4  floating  2- terminal  outputs, 
plug-in  precision  modulators  and  voltage  range  extension 
units. 


Forestalled  obsolescence  with  wide  range  of  outputs  in¬ 
cluding  continuously  variable  dc  filament  supply. 

Load  protection  with  overload  relays  and  meter  range 

selectors  slaved  to  output  range.  ‘ 

1 

Low  noise  with  low  ripple  and  excellent  isolation  from 
line  noise. 

Stable  with  excellent  regulation  and  minimized  long-term 
drift. 


"  Model  500  MICROWAVE  POWER  SUPPLY  SPECIFICATIONS 

I  _ _ 


VOLTAGE 

REGULATION 
From  105-125  vac 

INTERNAL 

IMPEDANCE 

RMS 

RIPPLE 

DIAL 

ACCURACY 

Beam 

Continuously  variable  0-2.2  kvdc  at  0-200  ma  max. 
(2.2-4.2  kvdc  optional) 

-  'tt  0.005% 

<[  0.2  ohms 

1  mv 

0.05%  resolution 
0.5Vo  resettability 

Grid 

—250  to  -FlOO  vdc  continuously  variable  0-20  ma 

±0.005% 

<  0.5  ohms 

1  mv 

0.05%  resolution 

1%  resettability 

Filament 

0-12.6  vdc  continuously  variable 

0-5  amp  dc 

1% 

1% 

Repeller 

1)  1000  vdc  fixed 

2)  20-1000  vdc  continuously  variable 

3)  20-1000  vdc  continuously  variable 

-  0.005% 

<100  k  ohm 

0.5  mv 

0.05%  resolution 
0.5%  resettability 

Modulation 


Ij 


Plug-in  capability  including  square-wave  at  1000.0  cps  and  1000  cps  10%,  sawtooth  at  40-400  cps,  and  variable  frequency  square 
wave  200-4000  cps. 

Synchronization  and  external  CRO  drive  outputs  available. 


For  complote  information,  circio  inside  bock  cover 


reader  service  cord. 


MICROWAVE  DYNAMICS  CORPORATION 

a  subsidiary  of  Talley  Industries.  Inc 
PLAINVIEW  INDUSTRIAL  PARK.  PLAINVIEW,  L.  I.,  N.  Y.  •  OVerbrook  16811 


90  WoH»  CW  In. 
put  (ICASI  up  to 
60  Me;  69  Wottt 
CW  Input  IICASI 
at  175  Me. 


FULL 

TALK-POWER" 

IN  LESS  THAN  A  SECOND 


NEW  RCA-4604  QUICK-HEATING  BEAM  POWER  TUBE  FOR  MOBILE  COMMUNICA¬ 
TIONS  SERVICE  ELIMINATES  POWER  DRAIN  DURING  STANDBY  PERIODS. 


Containing  a  unique  oxide-coated  filament  that  heats  up  faster  than  an  operator 
can  raise  a  microphone  to  talk,  RCA-4604  makes  it  practical  to  reduce  the 
stand-by  load  on  the  battery-generator  system  —right  down  to  zero!  Filament 
voltage  is  6.3  volts;  current  is  0.65  ampere.  Heating  time  is  less  than  a  second. 
RCA-4604  can  deliver  30  watts  of  power  in  CW  or  FM  service  at  175  Me  and 
will  give  proportionally  greater  power  output  at  lower  frequencies.  It  incor¬ 
porates  the  same  basic  construction  of  the  RCA-6 146— popular  favorite  for 
mobile  communications  equipment.  And  the  RCA-4604  is  popularly  priced 
for  wide  application.  For  sales  information  contact  your  nearest  RCA  Field 
Office.  For  free  technical  bulletin  on  the  RCA-4604,  write  Section  L-19-Q-3, 
Commercial  Engineering,  RCA  Electron  Tube  Division,  Harrison,  N.  J. 


The  Most  Trusted  Name  in  Electronics 

RADIO  CORPORATION  OF  AMKRICA 


RCA  ELECTRON  TUBE  OlV.  FIELD  OFFICES... Industriol  Products  Solos:  Detroit  2.  Mich..  714  New  Center  Bldg  .  TR  5-5600  .  Newark  2.  N.  J.,  744  Broad  St.,  HU  5-3900  • 
Chicago  54.  Ml.,  Suite  1154,  Merchandise  Mart  Plaza.  WH  4-2900  •  Los  Angeles  22.  Calif.,  6355  E.  Washington  Blvd.,  RA  3-8361  •  Burlingame.  Calif.,  1838  El  Camino  Raal. 
OX  7-1620  •  Government  Sales:  Newark  2,  N  J  ,  744  Broad  St  ,  HU  5-3900  .  Dayton  2  O  .  224  N  Wilkinson  St.,  BA  6-2366  •  Washington  7,  D  C.,  1725  ‘  K"  St.,  N  W  ,  FE  7-8500 


